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APPEAL BRIEF 



Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

In accordance with the provisions of 35 U.S.C. § 134 and 37 C.F.R. § 1.192(a), 
Appellants submit this Appeal Brief to appeal the examiner's rejection of claims 1 , 3, 5, 7, 
9, 11, 13-37, 39, 41, 42, 44, 45 and 47-54 in the Official Action mailed July 21, 2008. A 
Notice of Appeal was filed October 6, 2008 (received by OIPE October 8, 2008). 
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I. REAL PARTY IN INTEREST 

The named inventors have assigned all ownership rights in the pending application 
to Semiconductor Energy Laboratory Co., Ltd., 398, Hase, Atsugi-shi, Kanagawa-ken, 
243-0036, Japan, which is the real party in interest. 

II. RELATED APPEALS AND INTERFERENCES 

The appellants, their legal representatives, and the assignee are not aware of any 
other prior or pending appeals, interferences or judicial proceedings which will directly 
affect or be directly affected by, or have a bearing on the Board's decision in this appeal. 

III. STATUS OF THE CLAIMS 

Claims 1, 3, 5, 7, 9, 11, 13-37, 39, 41, 42, 44, 45 and 47-54 are pending in the 
present application, of which claims 1, 3, 5, 7, 9, 11, 13, 16, 19, 22, 25, 28, 31, 34, 37, 39, 
41 and 44 are independent. Claims 2, 4, 6, 8, 10, 12, 38, 40, 43 and 46 were canceled in 
the Amendment filed June 16, 2006. No claims have been deemed allowable by the 
examiner. The Appellants appeal the rejection of claims 1, 3, 5, 7, 9, 11, 13-37, 39, 41, 
42, 44, 45 and 47-54. 

IV. STATUS OF AMENDMENTS 

All prior amendments are believed to have been entered in the present application. 
Thus, the status of the claims in this application is as set forth above and in Appendix A. 

V. SUMMARY OF CLAIMED SUBJECT MATTER 

The present invention relates to a beam homogenizer which homogenizes a beam 
spot on an irradiated surface in a specified area, and to a laser irradiation apparatus 
which irradiates a homogenized beam spot on an irradiated surface. Independent 
claims 1, 3, 5, 7, 9 and 1 1 are directed to a beam homogenizer; independent claims 13, 
16, 19 and 22 are directed to a laser irradiation apparatus; and independent claims 25, 
28, 31, 34, 37, 39, 41 and 44 are directed to a method of manufacturing a 
semiconductor device practicing the claimed technology. Each of the independent 
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claims recites homogenizing an energy distribution of a laser light along a width 
direction of a line-shape or linear beam spot on an irradiated surface, where the width 
direction is a direction of a short side of the line-shape or linear beam spot on the 
irradiated surface. 

Independent claims 1, 3, 5, 7, 9, 11, 13, 16, 19 and 22 recite a beam 
homogenizer which comprises a cylindrical lens for converging laser light in the width 
direction and a light guide or a light pipe for homogenizing an energy distribution of the 
laser light along the width direction (a direction of a short side) of a line-shape on an 
irradiated surface, which is supported in the specification at page 6, lines 13 to 18. A 
beam spot of the laser light is shaped into the line-shape on the irradiated surface. The 
light guide (or light pipe) comprises two reflective surfaces facing to each other. These 
features are supported by the specification, for example, at page 7, lines 17 to 26; page 
9, line 32 to page 10, line 10 and Figures 2A and 2B. 

Claims 9 and 1 1 additionally recite a unit for homogenizing an energy distribution 
of a laser light along a length direction (a direction of a long side) of a line-shape on an 
irradiated surface, the unit having at least a cylindrical lens array. This feature is 
supported by the specification, for example, at page 10, line 31 to page 11, line 10 and 
Figures 2A and 2B. Claims 5, 7, 16 and 22 additionally recite at least one second 
cylindrical lens for condensing the laser light output from the light guide along the width 
direction of the line-shape on the irradiated surface. At least one second cylindrical lens is 
supported in the specification, for example, at pages 10, lines 17-30 and Figures 2A and 
2B (doublet cylindrical lens 1 107a or 1107b). Claims 13, 16, 19 and 22 additionally recite 
a laser oscillator, which is supported in the specification, for example, at page 9, lines 27- 
28 and Figures 2A and 2B. 

Independent claims 25; 28, 31, 34 recite a method of manufacturing a 
semiconductor device comprising forming a non-single-crystal semiconductor film on a 
substrate, which is supported in the specification, for example, at page 11, line 33 to 
page 12, line 13. A laser beam is generated with a laser beam oscillator, which is 
supported in the specification for example at page 12, lines 14 to page 13, line 2. The 
method further comprises using at least a cylindrical lens array, a cylindrical lens and a 
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light pipe or light guide to shape the laser beam so as to form a linear beam spot of a 
laser light on an irradiated surface with its energy distribution along a width direction 
homogenized, which is supported in the specification at page 6, lines 13 to 18. A light 
pipe is supported, for example, at page 7, lines 17 to 22. Using at least a cylindrical 
lens array, a cylindrical lens and a light guide to shape the laser beam so as to form a 
linear beam spot of a laser light on an irradiated surface with its energy distribution 
along a width direction homogenized is supported by the specification, for example, at 
page 13, line 30 to page 14, line 8. 

In addition, independent claims 37, 39, 41 and 44 recite a method of manufacturing 
a semiconductor device practicing the instant technology. The method comprises 
providing a laser light, passing the laser light through a cylindrical lens for converging 
the laser light in a width direction (a direction of a short side of the laser light), which is 
supported by the specification, for example, at page 10, line 31 to page 11, line 10 and 
Figures 2A and 2B. 

The laser light is passed through a light guide or a light pipe which comprises two 
reflective surfaces facing to each other, which is supported by the specification, for 
example, at page 7, lines 17 to 26; page 9, line 32 to page 10, line 10 and Figures 2A 
and 2B. The laser light irradiates a semiconductor film after passing through the light 
guide/pipe to crystallize the semiconductor film, which is supported in the specification 
at page 11, lines 19 to 24; page 12, line 7 to page 13, line 24; and page 16, lines 11 to 
15. An energy distribution along the width direction of the laser light at a surface of the 
semiconductor film is homogenized by the light guide/pipe, which is supported in the 
specification at page 6, lines 13,to 18. 

Independent claims 41 and 44 further recite that the laser light has a cross section 
perpendicular to a propagation direction of the laser light wherein the cross section has 
a length and a width and increasing only the length of the cross section of the laser 
light. 
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VI. GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

A. Whether claims 1, 3, 5, 7, 9, 11, 13, 16, 19 and 22 are obvious based on 
U.S. Patent No. 5,080,474 to Miyamoto. 

B. Whether claims 5, 7, 16 and 22 are obvious based on U.S. Patent No. 
5,080,474 to Miyamoto. 

C. Whether claims 9 and 1 1 are obvious based on U.S. Patent No. 5,080,474 
to Miyamoto. 

D. Whether claims 25-37, 39, 41, 42, 44, 45 and 47-54 are obvious based on 
the combination of Miyamoto and U.S. Patent No. 6,393,042 to Tanaka. 

VII. ARGUMENTS 

A. Whether claims 1, 3, 5, 7, 9, 11, 13, 16, 19 and 22 are obvious based on 
U.S. Patent No. 5,080,474 to Miyamoto. 

The Official Action rejects claims 1, 3, 5, 7, 9, 11, 13, 16, 19 and 22 as obvious 
based on U.S. Patent No. 5,080,474 to Miyamoto. The Applicant respectfully traverses 
the rejection because the Official Action has not made a prima facie case of obviousness. 

As stated in MPEP §§ 2142-2143.01, to establish a prima facie case of 
obviousness, three basic criteria must be met. First, there must be some reason, either 
in the references themselves or in the knowledge generally available to one of ordinary 
skill in the art, to modify the reference or to combine reference teachings. Second, 
there must be a reasonable expectation of success. Finally, the prior art reference (or 
references when combined) must teach or suggest all the claim limitations. 
Obviousness can only be established by combining or modifying the teachings of the 
prior art to produce the claimed invention where there is some reason to do so found 
either explicitly or implicitly in the references themselves or in the knowledge generally 
available to one of ordinary skill in the art. "The test for an implicit showing is what the 
combined teachings, knowledge of one of ordinary skill in the art, and the nature of the 
problem to be solved as a whole would have suggested to those of ordinary skill in the 
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art." In re Kotzab . 217 F.3d 1365, 1370, 55 USPQ2d 1313, 1317 (Fed. Cir. 2000). See 
also In re Fine . 837 F.2d 1071, 5 USPQ2d 1596 (Fed. Cir. 1988); In re Jones . 958 F.2d 
347, 21 USPQ2d 1941 (Fed. Cir. 1992). 

The independent claims recite a light guide (or light pipe) for homogenizing an 
energy distribution of a laser light along a width direction of a line-shape on an irradiated 
surface, where the width direction is a direction of a short side of the line-shape on the 
irradiated surface. For the reasons provided below, the Applicant respectfully submits that 
Miyamoto does not teach or suggest the above-referenced features of the present 
invention and there would have been no reason to modify Miyamoto to teach such 
features. 

Miyamoto appears to disclose "a uniform energy distribution, intensity (le), in the 
direction of the y'-axis ... and a Gaussian shaped energy distribution in a direction of the 
x'-axis" (column 6, lines 6-28; Figure 3, reproduced below, at left). However, Miyamoto 
does not appear to disclose changing a width direction for x'-axis to y'-axis by the movable 
lens, and it appears that Miyamoto merely discloses changing a length of the width (x'- 
axis) by the movable lens as shown in Figure 1(b) of Miyamoto (reproduced below, at 
right). 

FIG. 3 

Y 

! r 




le — 

The Official Action asserts that "[t]he width light guides and lens are movable" and 
that "the sole difference between the instant claims and the prior art is the specific settings" 
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and that "in the absence of unexpected results, it would have been obvious to one of 
ordinary skill in the art to determine through routine experimentation the optimum, 
operable lens setting in the Miyamoto reference in order to create the desired pattern." 
The Applicant respectfully disagrees. 

Miyamoto does not disclose movable width light guides as the Official Action 
asserts, and in any case does not disclose a light guide (or light pipe) for homogenizing an 
energy distribution of a laser light along a width direction of a line-shape on an irradiated 
surface, as claimed. Instead, it discloses a "beam width setting cylindrical lens 3" and an 
- "image-forming spherical lens 5" which are potentially movable. However, adjusting either 
of these lenses as suggested would not achieve a homogenous energy distribution along 
the width direction. 

For example, adjusting the cylindrical lens 3 of Miyamoto does not result in a 
homogeneous energy distribution in the width direction, but instead appears to vary the 
width itself. Miyamoto discloses that "the beam width setting cylindrical lens 3 is movable 
along the optical axis of the laser beam 10 so that the ... widths of the laser beam 10 at 
the outlet of the multiple reflecting mirror unit 4 can be changed continuously." Miyamoto 
at column 5, lines 64 to 68. Miyamoto additionally discloses a movable "image-forming 
spherical lens 5 forming an image-forming optical system adapted to focus the laser 
beam 10 thus reflected in multiple reflections on the processing surface 6a of a 
workpiece 6 to be processed." See , for example, Figure 6, reproduced below. While 
embodiments of Miyamoto disclose moving the spherical lens 5 to "so that the laser 
beam has a desired configuration on the processing surface," adjusting the lens does 
not appear to result in a homogeneous energy distribution in the width direction. 
Therefore, it is respectfully submitted that modifying Miyamoto in the manner asserted 
in the Official Action does not achieve a homogeneous distribution of energy of the laser 
light along the width direction, as claimed. 
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FIG. 6 




The rejected independent claims 1, 3, 5, 7, 9, 11,13, 16, 19 and 22 shall not stand 
or fall together. Independent claims 5 and 7 additionally recite at least one second 
cylindrical lens for condensing the laser light output from the light guide along the width 
direction of the line-shape on the irradiated surface (see Section B below). Also, claims 
9 and 11 recite a unit (at least a cylindrical lens array) for homogenizing an energy 
distribution of a laser light along a length direction of a line-shape on an irradiated surface 
(see Section C below). The Official Action does not appear to address the above- 
referenced features of claims 5, 7, 9 and 11. For at least this reason, the Applicant 
respectfully submits that the above-referenced claims are separately patentable. 

Moreover, there is no reason, either in Miyamoto or in the knowledge generally 
available to one of ordinary skill in the art, to modify Miyamoto to achieve the claimed 
invention. The burden of showing a sufficient reason to modify references lies with the 
Office. MPEP § 2142 states "The examiner bears the initial burden of factually 
supporting any prima facie conclusion of obviousness. If the examiner does not 
produce a prima facie case, the applicant is under no obligation to submit evidence of 
nonobviousness. The initial evaluation of prima facie obviousness thus relieves both 
the examiner and applicant from evaluating evidence beyond the prior art and the 
evidence in the specification as filed until the art has been shown to suggest the 
claimed invention." MPEP § 2142 further states: "The initial burden is on the examiner 
to provide some suggestion of the desirability of doing what the inventor has done. 'To 
support the conclusion that the claimed invention is directed to obvious subject matter, 
either the references must expressly or impliedly suggest the claimed invention or the 
examiner must present a convincing line of reasoning as to why the artisan would have 
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found the claimed invention to have been obvious in light of the teachings of the 
references.' Ex parte Clapp , 227 USPQ 972, 973 (Bd. Pat. App. & Inter. 1985). 

Further, the Supreme Court in KSR noted that the analysis supporting a rejection 
under 35 U.S.C. § 103 should be made explicit (KSR International Co. v. Teleflex Inc. . 

550 U.S , 82 USPQ2d 1385). The Court quoting In re Kahn (441 F.3d 977, 988, 78 

USPQ2d 1329, 1336 (Fed. Cir. 2006)) stated that "'[Rejections on obviousness cannot 
be sustained by mere conclusory statements; instead, there must be some articulated 
reasoning with some rational underpinning to support the legal conclusion of 

obviousness.'" KSR . 550 U.S. at , 82 USPQ2d at 1396. It is respectfully submitted 

that the Official Action has failed to carry the burden of showing a sufficient reason to 
modify references. The Examiner avoids setting forth such a reason and instead states in 
a conclusory manner that "in the absence of unexpected results, it would have been 
obvious to one of ordinary skill in the art to determine through routine experimentation the 
optimum operable lens setting in the Miyamoto reference in order to create the desired 
pattern." Assuming arguendo that the disclosure of Miyamoto could be modified to 
produce a homogeneous energy distribution in the width direction, the Official Action 
does not adequately set forth why one of skill in the art would modify the reference to 
achieve the features of the present invention. 

In addition, the obviousness rationale offered by the Official Action is not 
germane to the subject of whether the claimed invention would have been obvious to one 
of ordinary skill in the art. The rejection appears to be based on an "Optimization of 
Ranges" line of reasoning, articulated in MPEP 2144.05. Under such an approach, an 
application which claims discovery of an optimum or workable range determinable 
through routine experimentation may be rejected as obvious where the underlying 
conditions are disclosed in the prior art. See , for example, In re Allen 220 F.2d 454, 
456, 105 USPQ 233, 235 (CCPA 1955) ("[W]here the general conditions of a claim are 
disclosed in the prior art, it is not inventive to discover the optimum or workable ranges 
by routine experimentation."). However, a suggestion that it would have been obvious 
to "determine through routine experimentation the optimum operable lens setting" has no 
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bearing on the question of obviousness of the claimed invention, which is not directed to 
optimization of lens settings and does not seek to claim optimum or workable ranges. 

Moreover, in order to establish a prima facie rejection based on optimization of 
ranges, MPEP § 2144.05 states that "[a] particular parameter must first be recognized 
as a result-effective variable, i.e., a variable which achieves a recognized result, before 
the determination of the optimum or workable ranges of said variable might be 
characterized as routine experimentation." In re Antonie . 559 F.2d 618, 195 USPQ 6 
(CCPA 1977). The Official Action has failed to demonstrate that the following features 
are result-effective variables, much less that such features could be achieved by 
adjusting variables through routing experimentation: homogenizing an energy 
distribution of a laser light along a width direction of a line-shape or linear beam spot on 
an irradiated surface, where the width direction is a direction of a short side of the line- 
shape or linear beam spot on the irradiated surface. Therefore, a rejection based on an 
optimization of ranges the Official Action fails to present a sufficient line of reasoning to 
establish obviousness. 

For these reasons, Miyamoto does not teach or suggest each feature of the 
claimed invention and in any case the Official Action has not met its burden to show 
some reason either in the references themselves or in the knowledge generally 
available to one of ordinary skill in the art, to modify Miyamoto to achieve the claimed 
invention. For these reasons, the Official Action has not formed a proper prima facie 
case of obviousness. Accordingly, reconsideration and withdrawal of the rejections 
under 35 U.S.C. § 103(a) are in order and respectfully requested. 

B. Whether claims 5, 7, 16 and 22 are obvious based on U.S. Patent No. 
5,080,474 to Miyamoto. 

In addition to the arguments noted above, the Appellant respectfully submits that 
claims 5, 7, 16 and 22 are separately patentable. The prior art, either alone or in 
combination, does not teach or suggest all the features of independent claims 5, 7, 16 
and 22. Independent claims 5, 7, 16 and 22 recite at least one second cylindrical lens 
for condensing the laser light output from the light guide along the width direction of the 
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line-shape on the irradiated surface. Practicing the claimed invention in such a 
configuration has a distinct advantage in allowing an optical system and the irradiated 
surface to have a space therebetween. See , the specification, for example at page 10, 
lines 17 to 30. The Official Action is silent on these features. The Applicant respectfully 
submits that Miyamoto does not teach these features and that it would not have been 
obvious to modify Miyamoto at the time of the present invention to do so. 

The Official Action fails to assert a second cylindrical lens and merely asserts 
that "[t]he reference teaches a laser source, cylindrical lens for converging the width 
direction ... [t]he sole difference between the instant claims and the prior art is the 
specific settings." While it is respectfully submitted in the above discussion that 
Miyamoto fails to teach a combination "for converging the width direction," in any event, 
the prior art fails to disclose a second cylindrical lens for condensing the laser light 
output from the light guide along the width direction. 

Moreover, it is respectfully submitted that the proposed modification - adjusting 
the specific settings - will not result in the introduction of at least one second cylindrical 
lens for condensing the laser light output from the light guide along the width direction of 
the line-shape on the irradiated surface into the disclosure of Miyamoto. Therefore, 
Miyamoto fails to teach or suggest each element of this claimed configuration. 

C. Whether claims 9 and 11 are obvious based on U.S. Patent No. 5,080,474 
to Miyamoto. 

In addition to the arguments noted above, the Appellant respectfully submits that 
claims 9 and 11 are separately patentable. The prior art, either alone or in combination, 
does not teach or suggest all the features of independent claims 9 and 1 1, Independent 
claims 9 and 11 recite a unit for homogenizing an energy distribution of a laser light 
along a length direction (a direction of a long side) of a line-shape on an irradiated 
surface and that the unit has at least a cylindrical lens array in addition to the features 
referenced in the above discussions which homogenize an energy distribution in the width 
direction (a direction of a short side). An advantage for practicing such a configuration is 
that a rectangular beam spot with its energy distribution homogenized in a direction of a 
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longer side of the rectangle can be produced, which is disclosed in the specification, for 
example, page ,15, lines 24 to 33. The Official Action is silent on these features. The 
Applicant respectfully submits that Miyamoto does not teach these features and that it 
would not have been obvious to modify Miyamoto at the time of the present invention to do 
so. 

The Official Action fails to assert a unit for homogenizing an energy distribution of 
a laser light along a length direction of a line-shape on an irradiated surface and that the 
unit has at least a cylindrical lens array and merely asserts that "[t]he reference teaches a 
laser source, cylindrical lens for converging the width direction ... [t]he sole difference 
between the instant claims and the prior art is the specific settings." While it is 
submitted above that Miyamoto appears to disclose "a uniform energy distribution, 
intensity (le), in the direction of the y'-axis ... and a Gaussian shaped energy distribution in 
a direction of the x'-axis" (column 6, lines 6-28; Figure 3, reproduced below), the Official 
Action takes the position that the reference teaches "converging the width direction." 
However, even if such an interpretation were adopted then Miyamoto would still fail to 
additionally disclose a unit for homogenizing an energy distribution along the length 
direction, and in any event fails to recite that the unit has at least a cylindrical lens array. 

Additionally, it is respectfully submitted that the modification proposed in the 
Official Action - adjusting the specific settings - again will not produce such a result as 
the introduction of a unit for homogenizing an energy distribution of a laser light along a 
length direction of a line-shape on an irradiated surface and that the unit has at least a 
cylindrical lens array into the disclosure of Miyamoto. Therefore, Miyamoto fails to teach 
or suggest each element of this claimed configuration. 

D. Rejection of claims 25-37, 39, 41 , 42, 44, 45 and 47-54 as obvious based on 
the combination of Miyamoto and U.S. Patent No. 6,393,042 to Tanaka. 

The Official Action rejects claims 25-37, 39, 41, 42, 44, 45 and 47-54 as obvious 
based on the combination of Miyamoto and U.S. Patent No. 6,393,042 to Tanaka. The 
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Applicant respectfully traverses the rejection because the Official Action has not made a 
prima facie case of obviousness. 

Please incorporate the arguments above with respect to the deficiencies in 
Miyamoto. Tanaka does not cure the deficiencies in Miyamoto. The Official Action relies 
on Tanaka to allegedly teach "a method and apparatus for laser scanning amorphous 
semiconducting material," that "[t]he laser can be YAG or Ar laser and can be a beam." 

However, Miyamoto and Tanaka, either alone or in combination, do not teach or 
suggest the following features or that Miyamoto should be modified to include any of the 
folbwing features: a light guide (or light pipe) for homogenizing an energy distribution of a 
laser light along a width direction of a line-shape on an irradiated surface, where the width 
direction is a direction of a short side of the line-shape on the irradiated surface; at least 
one second cylindrical lens for condensing the laser light output from the light guide 
along the width direction of the line-shape on the irradiated surface; or a unit (at least a 
cylindrical lens array) for homogenizing an energy distribution of a laser light along a 
length direction of a line-shape on an irradiated surface. 

The rejected independent claims 25-37, 39, 41, 42, 44, 45 and 47-54 shall not 
stand or fall together. Independent claims 41 and 44 further recite a laser light having a 
cross section perpendicular to a propagation direction of the laser light wherein the cross 
section has a length and a width. The Official Action does not appear to address the 
above-referenced features of claims 41 and 44. For at least this reason, the Applicant 
respectfully submits that the above-referenced claims are separately patentable. 

Since Miyamoto and Tanaka do not teach or suggest all the claim limitations, a 
prima facie case of obviousness cannot be maintained. Accordingly, reconsideration and 
withdrawal of the rejections under 35 U.S.C. § 103(a) are in order and respectfully 
requested. 

In the present application, it is respectfully submitted that the prior art of record, 
either alone or in combination, does not expressly or impliedly suggest the claimed 
invention and the Official Action has not presented a convincing line of reasoning as to 
why the artisan would have found the claimed invention to have been obvious in light of 
the teachings of the references. 
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For the reasons stated above, the Official Action has not formed a proper prima 
facie case of obviousness. Accordingly, reconsideration and withdrawal of the 
rejections under 35 U.S.C. § 103(a) are in order and respectfully requested. 

It is respectfully asserted that the pending claims of the present application are 
unobvious in view of the prior art of record. Reversal of the outstanding rejections of 
record and allowance of the claims of this application is requested. The present 
application is believed to be in condition for allowance and favorable reconsideration is 
respectfully requested. If the Examiner feels further discussions would expedite 
prosecution of this application, the Examiner is invited to contact the undersigned. 



Respectfully submitted, 




Eric J. Robinson 
Reg. No. 38,285 



Robinson Intellectual Property Law Office, P.C. 
PMB 955 

21010 Southbank Street 
Potomac Falls, Virginia 20165 
(571)434-6789 
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APPENDIX A 
PENDING CLAIMS 

1. (Previously Presented) A beam homogenizer comprising: 

a cylindrical lens for converging a laser light in a. width direction; and 

a light guide for homogenizing an energy distribution of the laser light along the 

width direction of a line-shape on an irradiated surface, 

wherein a beam spot of the laser light is shaped into the line-shape on the 

irradiated surface, 

wherein the light guide comprises two reflective surfaces facing to each other, 

and 

wherein the width direction is a direction of a short side of the line-shape on the 
irradiated surface. 

2. (Canceled) 

3. (Previously Presented) A beam homogenizer comprising: 

a cylindrical lens for converging a laser light in a width direction; and 

a light pipe for homogenizing an energy distribution of the laser light along the 

width direction of a line-shape on an irradiated surface, 

wherein a beam spot of the laser light is shaped into the line-shape on the 

irradiated surface, 

wherein the light pipe comprises two reflective surfaces facing to each other, and 
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wherein the width direction is a direction of a short side of the line-shape on the 
irradiated surface. 

4. (Canceled) 

5. (Previously Presented) A beam homogenizer comprising: 

a first cylindrical lens for converging a laser light in a width direction; 

a light guide for homogenizing an energy distribution of the laser light along the 
width direction of a line-shape on an irradiated surface; and 

at least one second cylindrical lens for condensing the laser light output from the 
light guide along the width direction of the line-shape on the irradiated surface, 

wherein a beam spot of the laser light is shaped into the line-shape on the 
irradiated surface, 

wherein the light guide comprises two reflective surfaces facing to each other, 

and 

wherein the width direction is a direction of a short side of the line-shape on the 
irradiated surface. 

6. (Canceled) 

7. (Previously Presented) A beam homogenizer comprising: 

a first cylindrical lens for converging a laser light in a width direction; 

a light pipe for homogenizing an energy distribution of the laser light along the 
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width direction of a line-shape on an irradiated surface; and 

at least one second cylindrical lens for condensing the laser light output from the 
light pipe along the width direction of the line-shape on the irradiated surface, 

wherein a beam spot of the laser light is shaped into the line-shape on the 
irradiated surface, 

wherein the light pipe comprises two reflective surfaces facing to each other, and 
wherein the width direction is a direction of a short side of the line-shape on the 
irradiated surface. 

8. (Canceled) 

9. (Previously Presented) A beam homogenizer comprising: 

a unit for homogenizing an energy distribution of a laser light along a length 
direction of a line-shape on an irradiated surface; 

a cylindrical lens for converging the laser light in a width direction; and 

a light guide for homogenizing the energy distribution along the width direction of 
the line-shape on the irradiated surface, 

wherein the unit has at least a cylindrical lens array, 

wherein a beam spot of the laser light is shaped into the line-shape on the 
irradiated surface, 

wherein the light guide comprises two reflective surfaces facing to each other, 

and 

wherein the width direction is a direction of a short side of the line-shape on the 
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irradiated surface and the length direction is a direction of a long side of the line-shape 
on the irradiated surface. 

10. (Canceled) 

11. (Previously Presented) A beam homogenizer comprising: 

a unit for homogenizing an energy distribution of a laser light along a length 
direction of a line-shape on an irradiated surface; 

a cylindrical lens for converging the laser light in a width direction; and 

a light pipe for homogenizing the energy distribution along the width direction of 
the line-shape on the irradiated surface, 

wherein the unit has at least a cylindrical lens array, 

wherein a beam spot of the laser light is shaped into the line-shape on the 
irradiated surface, 

wherein the light pipe comprises two reflective surfaces facing to each other, and 
wherein the width direction is a direction of a short side of the line-shape on the 

irradiated surface and the length direction is a direction of a long side of the line-shape 

on the irradiated surface. 

12. (Canceled) 

13. (Previously Presented) A laser irradiation apparatus comprising: 
a laser oscillator; and 
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a beam homogenizer, 

wherein the beam homogenizer comprises a cylindrical lens for converging a 
laser light in a width direction and a light guide for homogenizing an energy distribution 
of the laser light along the width direction of a line-shape, 

wherein a beam spot of the laser light is shaped into the line-shape on an 
irradiated surface, 

wherein the light guide comprises two reflective surfaces facing to each other, 

and 

wherein the width direction is a direction of a short side of the line-shape on the 
irradiated surface. 

14. (Previously Presented) The laser irradiation apparatus according to claim 
13, wherein the laser oscillator is a YAG laser, or a glass laser. 

15. (Previously Presented) The laser irradiation apparatus according to claim 
13, wherein the laser oscillator is a YV0 4 laser, a YLF laser, or an Ar laser. 

16. (Previously Presented) A laser irradiation apparatus comprising: 
a laser oscillator; and 

a beam homogenizer, 

wherein the beam homogenizer comprises a first cylindrical lens for converging a 
laser light in a width direction, a light guide for homogenizing an energy distribution of 
the laser light along the width direction of a line-shape, and at least one second 
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cylindrical lens for condensing the laser light output from the light guide along the width 

direction of the line-shape, 

wherein the light guide comprises two reflective surfaces facing to each other, 
wherein a beam spot of the laser light is shaped into the line-shape on an 

irradiated surface, and 

wherein the width direction is a direction of a short side of the line-shape on the 

irradiated surface. 

17. (Previously Presented) The laser irradiation apparatus according to claim 
16, wherein the laser oscillator is a YAG laser, or a glass laser. 

18. (Previously Presented) The laser irradiation apparatus according to claim 
16, wherein the laser oscillator is a YV0 4 laser, a YLF laser, or an Ar laser. 

19. (Previously Presented) A laser irradiation apparatus comprising: 
a laser oscillator; and 

a beam homogenizer, 

wherein the beam homogenizer comprises a cylindrical lens for converging a 
laser light in a width direction and a light pipe for homogenizing an energy distribution of 
the laser light along the width direction of a line-shape, 

wherein a beam spot of the laser light is shaped into the line-shape on an 
irradiated surface, 

wherein the light pipe comprises two reflective surfaces facing to each other, and 
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wherein the width direction is a direction of a short side of the line-shape on the 
irradiated surface. 

20. (Previously Presented) The laser irradiation apparatus according to claim 
19, wherein the laser oscillator is a YAG laser, or a glass laser. 

21. (Previously Presented) The laser irradiation apparatus according to claim 
19, wherein the laser oscillator is a YV0 4 laser, a YLF laser, or an Ar laser. 

22. (Previously Presented) A laser irradiation apparatus comprising: 
a laser oscillator; and 

a beam homogenizer, 

wherein the beam homogenizer comprises a first cylindrical lens for converging a 
laser light in a width direction, a light pipe for homogenizing an energy distribution of the 
laser light along the width direction of a line-shape, and at least one second cylindrical 
lens for condensing the laser light output from the light pipe along the width direction of 
the line-shape, 

wherein the light pipe comprises two reflective surfaces facing to each other, 
wherein a beam spot of the laser light is shaped into the line-shape on an 

irradiated surface, and 

wherein the width direction is a direction of a short side of the line-shape on the 

irradiated surface. 
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23. (Previously Presented) The laser irradiation apparatus according to claim 
22, wherein the laser oscillator is a YAG laser, or a glass laser. 

24. (Previously Presented) The laser irradiation apparatus according to claim 
22, wherein the laser oscillator is a YV0 4 laser, a YLF laser, or an Ar laser. 

25. (Previously Presented) A method of manufacturing a semiconductor device, 
comprising the steps of: . 

forming a non-single-crystal semiconductor film on a substrate; 
generating a laser beam with a laser beam oscillator; 

using at least a cylindrical lens array, a cylindrical lens and a light guide to shape 
the laser beam so as to form a linear beam spot of a laser light on an irradiated surface 
with its energy distribution along a width direction homogenized; 

setting the substrate with the non-single-crystal semiconductor film formed 
thereon on a stage to make a surface of the non-single-crystal semiconductor film 
coincide with the irradiated surface; and 

performing a laser annealing of the non-single-crystal semiconductor film by 
irradiating the semiconductor film surface with the linear laser light while causing the 
stage to scan relative to the laser light, 

wherein the cylindrical lens array acts on the linear beam spot along a length 
direction of the spot, 

wherein the light guide and the cylindrical lens act on the linear beam spot along 
the width direction of the spot, 
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wherein the light guide comprises two reflective surfaces facing to each other, 

and 

wherein the width direction is a direction of a short side of the linear beam spot 
and the length direction is a direction of a long side of the linear beam spot. 

26. (Previously Presented) The method of manufacturing a semiconductor 
device according to claim 25, wherein the laser beam oscillator is a YAG laser, or a 
glass laser. 

27. (Previously Presented) The method of manufacturing a semiconductor 
device according to claim 25, wherein the laser beam oscillator is a YV0 4 laser, a YLF 
laser, or an Ar laser. 

28. (Previously Presented) A method of manufacturing a semiconductor device, 
comprising the steps of: 

forming a non-single-crystal semiconductor film on a substrate; 
generating a laser beam with a laser beam oscillator; 

using at least a cylindrical lens array, a first cylindrical lens, a light guide and a 
second cylindrical lens to shape the laser beam so as to form a linear beam spot of a 
laser light on an irradiated surface with its energy distribution along a width direction 
homogenized; 

setting the substrate with the non-single-crystal semiconductor film formed 
thereon on a stage to make a surface of the non-single-crystal semiconductor film 
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coincide with the irradiated surface; and 

performing a laser annealing of the non-single-crystal semiconductor film by 
irradiating the semiconductor film surface with the linear laser light while causing the 
stage to scan relative to the laser light, 

wherein the cylindrical lens array acts on the linear beam spot along a length 
direction of the spot, 

wherein the light guide, the first cylindrical lens and the second cylindrical lens 
act on the linear beam spot along the width direction of the spot, 

wherein the light guide comprises two reflective surfaces facing to each other, 

and 

wherein the width direction is a direction of a short side of the linear beam spot 
and the length direction is a direction of a long side of the linear beam spot. 

29. (Previously Presented) The method of manufacturing a semiconductor 
device according to claim 28, wherein the laser beam oscillator is a YAG. laser, or a 
glass laser. 

30. (Previously Presented) The method of manufacturing a semiconductor 
device according to claim 28, wherein the laser beam oscillator is a YV0 4 laser, a YLF 
laser, or an Ar laser. 

31. (Previously Presented) A method of manufacturing a semiconductor device, 
comprising the steps of: 
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forming a non-single-crystal semiconductor film on a substrate; 
generating a laser beam with a laser beam oscillator; 

using at least a cylindrical lens array, a cylindrical lens and a light pipe to shape 
the laser beam so as to form a linear beam spot of a laser light on an irradiated surface 
with its energy distribution along a width direction homogenized; 

setting the substrate with the non-single-crystal semiconductor film formed 
thereon on a stage to make a surface of the non-single-crystal semiconductor film 
coincide with the irradiated surface; and 

performing a laser annealing of the non-single-crystal semiconductor film by 
irradiating the semiconductor film surface with the linear laser light while causing the 
stage to scan relative to the laser light, 

wherein the cylindrical lens array acts on the linear beam spot along a length 
direction of the spot, 

wherein the light pipe and the cylindrical lens act on the linear beam spot along 

the width direction of the spot, 

wherein the light pipe comprises two reflective surfaces facing to each other, and 
wherein the width direction is a direction of a short side of the linear beam spot 

and the length direction is a direction of a long side of the linear beam spot. 

32. (Previously Presented) The method of manufacturing a semiconductor 
device according to claim 31, wherein the laser beam oscillator is a YAG laser, or a 
glass laser. 
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33. (Previously Presented) The method of manufacturing a semiconductor 
device according to claim 31, wherein the laser beam oscillator is a YVO4 laser, a YLF 
laser, or an Ar laser. 

34. (Previously Presented) A method of manufacturing a semiconductor device, 
comprising the steps of: 

forming a non-single-crystal semiconductor film on a substrate; 
generating a laser beam with a laser beam oscillator; 

using at least a cylindrical lens array, a first cylindrical lens, a light pipe and a 
second cylindrical lens to shape the laser beam so as to form a linear beam spot of a 
laser light on an irradiated surface with its energy distribution along a width direction 
1 homogenized; 

setting the substrate with the non-single-crystal semiconductor film formed 
thereon on a stage to make a surface of the non-single-crystal semiconductor film 
coincide with the irradiated surface; and 

performing a laser annealing of the non-single-crystal semiconductor film by 
irradiating the semiconductor film surface with the linear laser light while causing the 
stage to scan relative to the laser light, 

wherein the cylindrical lens array acts on the linear beam spot along a length 
direction of the spot, 

wherein the light pipe, the first cylindrical lens and the second cylindrical lens act 
on the linear beam spot along the width direction of the spot, 

wherein the light pipe comprises two reflective surfaces facing to each other, and 
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wherein the width direction is a direction of a short side of the linear beam spot 
and the length direction is a direction of a long side of the linear beam spot. 

35. (Previously Presented) The method of manufacturing a semiconductor 
device according to claim 34, wherein the laser beam oscillator is a YAG laser, or a 
glass laser. 

36. (Previously Presented) The method of manufacturing a semiconductor 
device according to claim 34, wherein the laser beam oscillator is a YV0 4 laser, a YLF 
laser, or an Ar laser. 

37. (Previously Presented) A method of manufacturing a semiconductor device 
comprising: 

providing a laser light; 

passing the laser light through a cylindrical lens for converging the laser light in a 
width direction; 

passing the laser light through a light guide; and 

irradiating a semiconductor film with the laser light after passing through the light 
guide to crystallize the semiconductor film, 

wherein an energy distribution along the width direction of the laser light at a 
surface of the semiconductor film is homogenized by the light guide, 

wherein the light guide comprises two reflective surfaces facing to each other, 

and 
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wherein the width direction is a direction of a short side of the laser light. 

38. (Canceled) 

39. (Previously Presented) A method of manufacturing a semiconductor device 
comprising: 

providing a laser light; 

passing the laser light through a cylindrical lens for converging the laser light in a 
width direction; 

passing the laser light through a light pipe; and 

irradiating a semiconductor film with the laser light after passing through the light 
pipe to crystallize the semiconductor film, 

wherein an energy distribution along the width direction of the laser light at a 
surface of the semiconductor film is homogenized by the light pipe, 

wherein the light pipe comprises two reflective surfaces facing to each other, and 

wherein the width direction is a direction of a short side of the laser light. 

40. (Canceled) 

41. (Previously Presented) A method of manufacturing a semiconductor device 
comprising: 

providing a laser light having a cross section perpendicular to a propagation 
direction of the laser light wherein the cross section has a length and a width; 
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increasing only the length of the cross section of the laser light; 
passing the laser light through a cylindrical lens for converging the laser light in a 
width direction; 

passing the laser light through a light guide; and 

irradiating a semiconductor film with the laser light after passing through the light 
guide to crystallize the semiconductor film, 

wherein an energy distribution of the laser light along a width direction of the 
cross section is homogenized by the light guide, 

wherein the light guide comprises two reflective surfaces facing to each other, 

and 

wherein the width direction is a direction of a short side of the laser light. 

42. (Original) A method according to claim 41, wherein the length of the cross 
section of the laser light is increased by using a cylindrical lens array having a plurality 
of cylindrical lenses. 

43. (Canceled) 

44. (Previously Presented) A method of manufacturing a semiconductor device 
comprising: 

providing a laser light having a cross section perpendicular to a propagation 
direction of the laser light wherein the cross section has a length and a width; 
increasing only the length of the cross section of the laser light; 
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passing the laser light through a cylindrical lens for converging the laser light in a 
width direction; 

passing the laser light through a light pipe; and 

irradiating a semiconductor film with the laser light after passing through the light 
pipe to crystallize the semiconductor film, 

wherein an energy distribution of the laser light along a width direction of the 
cross section is homogenized by the light pipe, 

wherein the light pipe comprises two reflective surfaces facing to each other, and 

wherein the width direction is a direction of a short side of the laser light. 

45. (Original) A method according to claim 44, wherein the length of the cross 
section of the laser light is increased by using a cylindrical lens array having a plurality 
of cylindrical lenses. 

46. (Canceled) 

47. (Previously Presented) The laser irradiation apparatus according to claim 
13, wherein the laser oscillator is an excimer laser. 

48. (Previously Presented) The laser irradiation apparatus according to claim 
16, wherein the laser oscillator is an excimer laser. 

49. (Previously Presented) The laser irradiation apparatus according to claim 
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1 9, wherein the laser oscillator is an excimer laser. 

50. (Previously Presented) The laser irradiation apparatus according to claim 
22, wherein the laser oscillator is an excimer laser. 

51. (Previously Presented) The method of manufacturing a semiconductor 
device according to claim 25, wherein the laser beam oscillator is an excimer laser. 

52. (Previously Presented) The method of manufacturing a semiconductor 
device according to claim 28, wherein the laser beam oscillator is an excimer laser. 



53. (Previously Presented) The method of manufacturing a semiconductor 
device according to claim 31, wherein the laser beam oscillator is an excimer laser. 

54. (Previously Presented) The method of manufacturing a semiconductor 
device according to claim 34, wherein the laser beam oscillator is an excimer laser. 
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[57] ABSTRACT 

A laser beam shaping device is made up of a multiple 
reflecting mirror unit with reflecting surfaces facing 
each other to reflect a laser beam in multiple reflections, 
a light gathering cylindrical lens for gathering the laser 
beam near the inlet of the multiple reflecting mirror 
unit, a spherical lens for focusing die laser beam emerg- 
ing from the multiple reflecting mirror unit, and a beam 
width setting cylindrical lens for setting the width of 
the laser beam in the direction which is perpendicular to 
the direction of advance of the laser beam and parallel 
with the reflecting surfaces of the multiple reflecting 
mirror unit, whereby, in shaping a laser beam, the en- 
ergy loss of the laser beam is minimized, and the laser 
beam is made uniform in energy distribution, and the 
laser beam can be changed in configuration and dimen- 
sion according to the contents of a laser beam machin- 
ing operation. 

5 Claims, 4 Drawing Sheets 
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surface 135. The laser beam 132b is applied to a reflect- 
LASER BEAM SHAPING DEVICE ing mirror 134a of the polygon mirror 134 which is kept 

rotated in the direction of the arrow A. As the polygon 
BACKGROUND OF THE INVENTION mirror turns, the reflecting mirror 134c is also turned, so 

Tins invention relates to a laser beam shaping device 5 that the ^^Jf* h f^i^^S^ 
suitable for unifying the energy distribution pattern of a Je arrow B.T^^un0^m surface 135 is repeat- 
laser beam on the surface irradiated thereby, and more cdly irradiated by the laser beam, 
particularly to a laser beam shaping device which is * the convendonal User beam shaping device 101 
suitable for forming a laser beam which, being uniform in shown in FIG. 12, the beam shaping mirror 104 made 
in energy distribution, can be effectively utilized in a 10 up of a number of segment mirrors 103 arranged in 
wide range of technical fields in which a laser beam is matrix form is used. Therefore, it requires complex 
used for surface treatment such as trimming, film re- manufacturing techniques, and it is accordingly high in 
moving, etching, hardening, and chilling or alloying by manufacturing costs. Furthermore, the configuration of 
remelting surfaces, or joining, welding, and fusing. the laser beam 102Z> applied to the irradiation surface 

A few examples of conventional laser beam shaping 15 105 cannot be changed without replacing the segment 
devices will be described with reference to FIGS. 12 mirror 103. In addition, it should be noted that there are 
through 15. gaps between the segment mirrors 103, which lowers 

A first example of the conventional laser beam shap- the factor of reflection of the laser beam 102a, and in- 
ing device, as shown in FIG. 12, employs segment mir- creases the energy loss. 

rors. More specifically, the laser beam shaping device 20 In the conventional laser beam shaping device 111 
101 has a beam shaping mirror 104 in which segments using the kaleidoscope 114 shown in FIG. 13, the laser 
mirrors 103 for reflecting a laser beam are arranged in mb is reflected in the kaleidoscope 114. How- 

matrix form. The laser beam 102b reflected from the its incident angle to the reflecting wall 114a being 

beam shaping mirror 104 is applied to an irradiation large, the absorption of the P polarization component 
surface 105. The segment mirrors 103 forming the beam 2* ^ y ^ reflecting wall 114a is large accordingly, result- 
shaping mirror 104 adjust the incident angle of the laser ing in an increase in the energy loss by the multiple 
beam 102a so that the laser beam 102* applied to the reflection at the reflecting wall 114a. Since the beam 
irradiation surface 105 is uniform in energy distribution. configuration is determined by the configuration of the 
A second example of the conventional laser beam reflecting wall 114* of the kaleidoscope 114, it is rather 
shaping device is as shown in FIG. 13. It is a beam 30 diff|Cult tQ change ^ bcmn configuration, 
shaping device 111 using a kaleidoscope. The device h the conventional laser beam shaping device of 
111 comprises: a condenser lens for concentrating a beam 0^,^ type shown in FIG. 14, it is difficult to 
laser beam 112a into a laser beam 112* a kaleiooscope j beam at high frequency in a scanning 

114 having ; . ^fleeting wall 114k, which reflects the accordingly it b difficult to obtain a laser 

^rbeamll26m^ * Qvcr ^ ^diation surface 127 which is 

the inSiation surface 116. The J-^^f ^ JSE S^"c2£& laser beam 

'sS 40 shaping device, usin'g the polygon mirror as shown in 

mXpL^ * also disadvanugeous in that, when defo- 

beam 112c uniform in energy distribution by the kalei- cused, the irregularity in mode of the laser beam 132* 

dosco 114 • adversely affects the machining capacity, and therefore 

HG 14 shows a third example of the conventional it is necessary to make the spot diameter of the laser 

User beam shaping device, a beam shaping device 121 of 45 beam small to oscillate the latter In addition, it is d,ffi- 

beam oscillation type. The device 121 comprises: a cult to maintain the durability of the driving means and 

condenser lens 123 for concentrating a laser beam 122a adjust the alignment. 

to form it into a laser beam 122* a reflecting mirror 124 In each of the first through fourth examples of the 

for reflecting the laser beam 1226 to output it as a laser conventional laser beam shaping device, the reflection 

beam 122c, a scanning reflecting mirror 125 for deflect- 50 of the laser beam at the irradiation surface, results in a 

ing the laser beam 122c in a scanning manner so as to be large energy loss thereof, ana" it is therefore necessary to 

applied, as a laser beam 1224, to the irradiation surface form a coating on the irradiation surface to increase the 

127; and a scanner 126 for controlling the operation of absorption of the laser beam, 

the scanning reflecting mirror 125. The laser beam 122c SUMMARY OF THE INVENTION 
reflected from the reflecting mirror 124 is applied to the 55 

scanning reflecting rnirror 125, while the latter 125 is Accordingly, an object of this invention is to elimi- 
controlled by the scanner 126, so that the laser beam nate the above-described difficulties accompanying a 
122c is deflected in a scanning manner, that is, the laser conventional laser beam shaping device, 
beam I22d is applied to the irradiation surface 127 in an More specifically, an object of the invention is to 
oscillation mode. 60 provide a laser beam shaping device in which, in shap- 
A fourth example of the conventional laser beam ing a laser beam, the energy loss of the laser beam is 
shaping device, as shown in FIG. 15, is a laser beam minimirffd, and the laser beam is made uniform in en- 
shaping device using a polygon mirror. The device 131 ergy distribution, and the 

comprises: a focusing reflecting mirror 133 for reflect- laser beam can be changed in configuration and di- 

ing a laser beam 132a and simultaneously focusing it 65 mension according to the contents of a laser beam ma- 

into a laser beam 132Z>; and a polygon mirror 134 for chining operation, and in addition it is not always neces- 

deflecting the laser beam 132 in a scanning manner so sary to provide a reflection loss preventing coating on 

that it is applied, as a laser beam 132c, to the irradiation the surface to be machined. 
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The foregoing object and other objects of the inven- In addition, it is preferable to tilt the processing sur- 
tion has been achieved by the provision of a laser beam face of the workpiece with respect to the direction of 
shaping device which, according to the invention, com- advance of the laser beam as the case may be. 
prises: a reflecting optical system having a multiple In the laser beam shaping device thus constructed, 
reflecting mirror unit in which reflecting surfaces face 5 the linearly polarized laser beam is applied to the light 
each other for providing multiple reflections; a light gathering optical system so as to be gathered near the 
gathering optical system for gathering the laser beam inlet of the multiple reflecting mirror unit in the reflect- 
near the inlet of the multiple reflecting mirror unit; an ing optical system. 

image-forming optical system for focusing the laser The laser beam thus gathered is reflected in multiple 
beam, emerging from the outlet of the multiple reflect- 10 by the multiple reflecting mirror unit. In this case, the 
ing mirror unit; and a cylindrical optical system pro- laser beam linearly polarized is preferably multiply 
vided on at least one of the optical axes of the laser reflected in such a manner that the direction of oscilla- 
beams incident to and emergent from the multiple re- n on 0 f the electric field thereof is perpendicular to the 
fleeting mirror unit, for setting the width of the laser incident surface of reflecting optical system, with the 
beam in the direction which is perpendicular to the 15 result that the energy loss is minimized which is due to 
direction of advance of the laser beam and parallel with absorption of the laser beam in the reflecting optical 

the reflecting mirrors of the multiple reflecting mirror system. Providing the laser beam in multiple reflectors 
unit. with the multiple reflecting mirror unit makes the laser 

In the laser beam shaping device according to the beam uniform in energy distribution in the direction 
invention, preferably the cylindrical optical system is 20 perpendicular to the reflecting surfaces of the multiple 
movable back and forth along the optical axis of the reflecting mirror unit. 

laser beam, and the width of the laser beam can be Thc cylindrical optical system is provided on at least 
continuously changed in the direction which is perpen- Qnc of thc ^ 0 f the laser beams incident to and 

dicular to the direction of advance of the laser beam and emergent from the reflecting optical system. Before or 
parallel with the reflecting surfaces of the multjple re- 25 aftcr the ]ascf beam passcs through the reflecting opti- 
flecting mirror unit. ^ syst e mf the width of the laser beam is set in the 

Furthermore, in the laser beam shaping device of the dirccrion which u perpendicular to the direction of 
invention, it is preferable, as the case may be, that a &dvance of lhe ]aser beam and parallel with the reflect- 
linearly polarized laser beam * used; that is, the : lmearly ^ roulti le reflecting mirror unit. When 
polarized laser beam m which the direcUon ^of MCilla. 30 *^ cylindrical optical system is moved back 
tionoftheele^ f * rf ^ opti J axis of the laser beam to 
surface of thc : reflecting <V»^ continuously change the width of the laser beam. 

beam incident surface of the workpiece so that the laser Processing surface for instance. More preferably it is 

S£ absorbing percentage of the processing surface of apphed thereto « such a manner that the direction of 

SHXS bTincreased. as the case may be. 40 oscillation of the electric field of the laser beam is » 

^ V"Bd with the laser beam incident surface of the 
laser near the mle?of the multiple reflecting mir- workpiece, whereby the laser beam is made uniform in 
ror unit forming the reflecting optical system may be energy attribution with the energy absorbing percent- 
made up of a cylindrical lens, cylindrical mirror, spheri- Hfi* *e laser processing .surface ««eased 
cal lens or spherical mirror, or by using them in combi- 45 The nature, principle and utility <^e^Uon wffl 
natjon r become more apparent from the following detailed 

As was described above, the cylindrical optical sys- description and the appended claims when read in con- 
tern is used to set or continuously change the width of junction with the accompanying drawings, 
the laser beam in the direction that is perpendicular to BRIEF DESCRIPTION OF THE DRAWINGS 
the direction of advance of the laser beam and parallel 50 

with the reflecting surfaces of the multiple reflecting In the accompanying drawings: 

mirror unit. The cylindrical optical system may be made The parts (a) and (b) of FIG. 1 are an explanatory side 

upofacylmdricallensorcylmdricalnurror,orbyusm view and an explanatory plan view showing the ar- 

thero in combination. In the latter case, it is desirable as rangement of essential components of a first example of 

the case may be that one of the cylindrical lens and 55 a laser beam shaping device according to this invention; 

cylindrical mirror is made movable back and forth FIG. 2 is an explanatory diagram view showing the 

along the optical axis of the laser beam so as to continu- energy distribution of a laser beam applied to a light 

ously change the width of the laser beam. gathering optical system in the device; 

The reflecting optical system may be made up of FIG. 3 is an explanatory diagram showing the energy 
planar reflecting mirrors which are held in parallel with 60 distribution of the laser beam applied to the processing 

each other or inclined to each other, or curved reflect- surface of a workpiece to be processed with it; 

ing mirrors confronted with each other. FIGS. 4 through 11 are explanatory side views show- 

The image-forming optical system may be made up of ing the arrangements of essential components of second 

an image-forming lens or image-forming mirror, or by through ninth examples of the laser beam shaping de- 
using them in combination. The image-forming optical 65 vice according to the invention, respectively; 

system may be made movable back and forth along the FIG. 12 is an explanatory diagram showing the ar- 

optical axis of the laser beam so as to change the config- rangement of essential components of a conventional 

uration of the laser beam. integration type beam shaping device; 
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FIG. 13 is an explanatory diagram showing the ar- The multiple reflecting mirror unit 4 is made up of 

rangement of essential components of a conventional two multiple reflecting mirrors which are arranged in 

kaleidoscope type beam shaping device; parallel with each other with the reflecting surfaces 

FIG. 14 is an explanatory diagram showing the ar- facing each other, 

rangement of essential components of a conventional 5 The spherical lens 5 is a convex lens, 

escalation type beam shaping device; and In the laser beam shaping device thus constructed, a 

FIG. 15 is an explanatory diagram showing the ar- linearly polarized laser beam 10 having a Gaussian 

rangement of essential components of a conventional shaped energy distribution (Ig) with respect to the axis 

polygon mirror type beam shaping device. 1 85 ^ own m F** 3 - 2 ™ d tevmg a polarization vector in 

10 parallel with the y-axis is applied to the light gathering 
DETAILED DESCRIPTION OF THE cylindrical lens 2 so as to be gathered near the inlet of 
INVENTION the multiple reflecting mirror unit 4, and it is then re- 
Preferred embodiments of this invention will be de- fract«* *>y ™d* cylindrical lens 3 so 
scribed with reference to the accompanying drawings. that it has a desired beam width at the outlet of the 

15 multiple reflecting mirror unit 4. The laser beam thus 

First Embodiment refracted is applied to the multiple reflecting mirror unit 

A first example of a laser beam shaping device ac- *• the multiple reflecting mirror unit 4, the laser beam 

cording to the invention will be described with refer- 10 * refl f ct ^ » n^tiple reflections so that it is made 

ence to FIGS. 1 through 3. uniform* the direction of confrontation of the reflect- 

The laser beam shaping device 1, as shown in FIG. 1, 20 j"» ff fc multiple reflecting mirrors and is 

comprises: a light gathering cylindrical lens 2 forming a ^ZT^ ^"^^ 

,. v/\ - . f. , „ * ' j b ^j t „ AntM ° _ to be focused on the processing surface 6a of the work- 

ligh gathering opacal *^^t%£ ¥l^^n piece 6. Thus, the laser beam 10 has been so shaped that, 

single mode laser beam 10 as shown in FIG. 2; a beam P distribution, 

width setting cytodn^ lens 3 fornung a cyhndxical density (Ie). in the direction of the y'-aris perpendicu- 

opUcal system adapted to set the width of the laser ^ ^ { representing energy intensity and a 

beam 10 in a predetenmn«l direction (described later), Gaussian s ^ distribution in the direction of 

the cylindrical axis thereof being perpendicular to that ^ x > mBX ^ 

of the above-described bght gathering cylindrical 2; a fa ^ e a i >0VMtefcn . bed embodiment, the linearly po- 

muluple reflecting mirror unit 4 for reflecting the laser 3Q larized lflser ^ , 0 ^ tnc polarization vector in 

beam 10 in multiple reflections which has passed para ii e ] with the x-axis passes through the light gather- 

through the cylindrical lenses 2 and 3; and an image- mg cylindrical lens 2 and the beam width setting cylin- 

forming spherical lens 5 forming an image forming drica] ]en5 3; n0W ever, the polarization is not particu- 

optical system adapted to focusing the laser beam thus ^ affected during the passage. The laser beam of S 

reflected in multiple on the processing surface 6a of a 35 ^1,^^ high in reflection factor is reflected in mul- 

workpiece 6 to be processed. The light gathering cylm- tiple reflections by the reflecting surfaces of the multi- 

drical lens 2, the beam width setting cylindrical lens 3, ple reflecting mirror unit 4 forming the reflecting, as a 

the multiple reflecting mirror unit 4, and the image- resu j t 0 f which it is so shaped as to have the Gaussian 

forming spherical lens 5 are arranged in the direction of shaped energy distribution along the x'-axis, and the 

advance of the laser beam 10 in the stated order. 40 uniform energy distribution along the y'-axis. 

The cylindrical axis of the light gathering cylindrical Thus, the laser beam 10 is made uniform in energy 

lens is perpendicular to the optical axis of the laser beam distribution by being reflected in multiple reflections by 

10 and parallel with the reflecting surfaces of the multi- ^ multiple reflecting mirror unit 4, and when passing 

pie reflecting mirror unit 4. The light gathering cylin- through the spherical lens 5, the laser beam 10 thus 

drical lens 2 is disposed at the position near the inlet of 45 shaped is formed into a laser beam having a uniform 

the multiple reflecting mirror unit 4 where the laser energy pattern Ie in energy intensity, which is applied 

beam 10 is gathered so that the laser beam 10 passed to the processing surface 6a inclined about the y'-axis. 

through the light gathering cylindrical lens is reflected Thus, the laser beam 10 applied to the processing 

by the multiple reflecting mirror unit 4 in multiple re- surface 6a is essentially of P polarization, being less in 

flections. 50 reflection loss. Accordingly, the laser energy absorp- 

The beam width setting cylindrical lens 3 is arranged tion percentage is considerably high on the processing 

between the light gathering cylindrical lens 2 and the surface 6a of the workpiece 6. That is, even if no light 

multiple reflecting mirror unit 4 in such a manner that absorbing coating is formed on the processing surface of 

the cylindrical axis of the light gathering cylindrical the workpiece, the laser beam energy is greatly ab- 

lens 2 is perpendicular to that of the beam width setting 55 sorbed by the processing surface. It goes without saying 

cylindrical lens 3, and the cylindrical axis of the latter 3 that the provision of the light absorbing coating will 

is perpendicular to the optical axis of the laser beam 10. allow the processing surface to absorb laser energy 

Furthermore, the beam width setting cylindrical lens is more. 

so positioned that, at the outlet of the multiple reflecting . 

mirror unit 4, the laser beam has a predetennined width 60 5ccond tmboduncnl 

in the direction which is perpendicular to the optical FIG. 4 shows a second example of the laser beam 

axis of the laser beam 10 and parallel to the reflecting shaping device according to the invention. The laser 

surfaces of the multiple reflecting mirror unit 4. In the beam shaping device, as shown in FIG. 4, comprises: a 

embodiment, the beam width setting cylindrical lens 3 is light gathering cylindrical lens 2 forming a light gather- 
movable along the optical axis of the laser beam 10 so 65 ing optical system adapted to gather bght near the inlet 

that the above-described widths of the laser beam 10 at of a multiple reflecting mirror unit 4; the multiple re- 

the outlet of the multiple reflecting mirror unit 4 can be fleeting mirror unit 4 for reflecting in multiple the laser 

changed continuously. beam 10 passed through the cylindrical lens 2 so that the 
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laser beam 10 has a uniform energy distribution; and an fleeting mirror unit 4; a beam width setting cylindrical 
image-forming cylindrical lens 15 forming an image- lens 3 forming a cylindrical optical system adapted to 
forming optical system adapted to focusing the laser set the width of the laser beam 10 as desired in the 
beam 10 thus reflected in multiple reflections on the direction which is perpendicular to the optical axis of 
processing surface 6a of a workpiece 6 to be processed; 5 the laser beam 10 and parallel with the reflecting sur- 
and a beam width setting cylindrical lens 3 forming a faces of the multiple reflecting mirror unit 4; the multi- 
cylindrical optical system adapted to set the width of pie reflecting mirror unit 4 for reflecting in multiple 
the laser beam 10 as required in the direction which is reflections the laser beam 10 passed through the lenses 
perpendicular to the optical axis of the laser beam 10 12 and 3 so that the laser beam 10 has a uniform energy 
and parallel with the reflecting surfaces of the multiple 10 distribution; and an image-forming spherical lens 5 
reflecting mirror unit 4. Those components 2, 4, 15 and forming an image-forming optical system adapted to 
3 are arranged in the direction of advance of the laser focus the laser beam 10 thus reflected in multiple reflec- 
beam in the stated order. tions on the processing surface 6a of a workpiece 6 to be 
In the laser beam shaping device shown in FIG. 4, the processed. Those components 12, 3, 4 and 5 are ar- 
cylindrical axes of the cylindrical lenses 2 and 15 are in 15 ranged in the direction of advance of the laser beam in 
parallel with the reflecting surfaces of the multiple re- the stated order. 

fleeting mirror unit 4, and the cylindrical axis of the In the laser beam shaping device shown in FIG. 6, the 

beam width setting cylindrical lens 3 is perpendicular to cylindrical axis of the beam width setting cylindrical 

the reflecting surfaces of the multiple reflecting mirror lens 3 is perpendicular to the reflecting surfaces of the 

4. The beam width setting cylindrical lens is movable 20 multiple reflecting mirror unit 4. In addition, the cylin- 

along the optical axis of the laser beam so that the width drical lens 3 is movable back and forth along the optical 

of the laser beam 10 in the above-described directions is axis of the laser beam 10 so that the width of the laser 

smoothly changed. In addition, the image-forming cy- beam in the above-described directions can be changed 
lindrical lens is also movable along the optica) axis of continuously. The image-forming spherical lens 5 is also 

the laser beam 10 so that the laser beam 10 has a desired 25 movable back and forth along the optical axis of the 

configuration on the processing surface 6cl laser beam so that the laser beam has a desired configu 



Third Embodiment 



ration on the processing surface 6a of the workpiece 6. 
Fifth Embodiment 



A third example of the laser beam shaping device 
according to the invention, as shown in FIG. 5, com- 30 FIG. 7 shows a fifth example of the laser beam shap- 
prises: a light gathering cylindrical lens 2 forming a ing device according to the invention. The laser beam 
light gathering optical system adapted to gather a laser shaping device 1, as shown in FIG. 7, comprises: a light 
beam 10 near the inlet of a multiple reflecting mirror gathering spherical lens 12 forming a light gathering 
unit 4; a beam width setting cylindrical lens 3 forming a optical system adapted to gather a laser beam 10 near 
cylindrical optical system adapted to set the width of 35 the inlet of a multiple reflecting mirror unit 4; themulti- 
the laser beam 10 as required in the direction which is pie reflecting mirror unit 4 for reflecting in multiple the 
perpendicular to the optical axis of the laser beam 10 laser beam 10 passed through the lens 12 so that the 
and parallel with the reflecting surfaces of the multiple laser beam 10 has a uniform energy distribution; an 
reflecting mirror unit 4; the multiple reflecting mirror image-forming spherical lens 5 forming an image-form- 
unit 4 for reflecting in multiple reflections the laser 40 ing optical system adapted to focus the laser beam 10 
beam 10 passed through the cylindrical lenses 2 and 3 so thus reflected in multiple reflections on the processing 
that the laser beam 10 has a uniform energy distribution; surface 6a of a workpiece 6 to be processed; and a beam 
and an image-forming spherical lens 5 forming an im- width setting cylindrical lens 3 forming a cylindrical 
age- forming optical system adapted to focus the laser optical system adapted to set the width of the laser 
beam 10 thus reflected in multiple on the processing 45 beam 10 as desired in the direction which is perpendicu- 
surface 6a of a workpiece 6 to be processed. Those Iar to the optical axis of the laser beam 10 and parallel 
components 2, 3, 4 and 5 are arranged in the direction of with the reflecting surfaces of the multiple reflecting 
advance of the laser beam in the stated order. mirror unit. Those components 12, 4, 5 and 3 are ar- 

In the laser beam shaping device, the cylindrical axis ranged in the direction of advance of the laser beam in 

of the light gathering cylindrical lens 2 is in parallel 50 the stated order. 

with the reflecting surfaces of the multiple reflecting In the laser beam shaping device, the cylindrical axis 
mirror unit 4, and the cylindrical axis of the beam width of the beam width setting cylindrical lens 3 is perpen- 
setting cylindrical lens 3 is perpendicular to the reflect- dicular to the reflecting surfaces of the multiple reflect- 
ing surfaces of the multiple reflecting mirror 4. The ing mirror unit 4. In addition, the cylindrical lens 3 is 
beam width setting cylindrical lens 3 is movable back 55 movable back and forth along the optical axis of the 
and forth along the optical axis of the laser beam 10 so laser beam 10 so that the width of the laser beam can be 
that the width of the laser beam can be changed contin- changed continuously in the above-described direc- 
uously. The image-forming spherical lens 5 is also mov- tions. The image-forming spherical lens 5 is also mov- 
able back and forth along the optica] axis of the laser able back and forth along the optical axis of the laser 
beam 10 so that the laser beam 10 has a desired configu- 60 beam so that the laser beam has a desired configuration 
ration on the processing surface 6a of the workpiece 6. on the processing surface 6a of the workpiece 6. 

Fourth Embodiment Sixth Embodiment 

A fourth example of the laser beam shaping device FIG. 8 shows a sixth example of the laser beam shap- 

according to the invention is as shown in FIG. 6. The 65 ing device according to the invention. The laser beam 

device comprises: a light gathering spherical lens 12 shaping device comprises: a light gathering spherical 

forming a light gathering optical system adapted to lens 12 forming a light gathering optical system adapted 

gather a laser beam 10 near the inlet of a multiple re- to gather a laser beam 10 near the inlet of a multiple 
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reflecting mirror unit 4; the multiple ^reflecting mirror Embodiment 
unit 4 for reflecting in multiple reflections the laser ** * 

beam 10 passed through the lens 12 so that the laser An eight example of the laser beam shaping device 
beam 10 has a uniform energy distribution; an image- according to the invention is as shown in FIG. 10. The 
forming cylindrical lens 15 forming an image-forming 5 device comprises: a light gathering cylindrical lens 2 
optical system adapted to focus the laser beam 10 thus forming a light gathering optical system adapted to 
reflected in multiple reflection on the processing sur- concentrate a laser beam 10 near the inlet of a multiple 
face 6a of a workpiece 6 to be processed; and a beam reflecting mirror unit 4; the multiple reflecting mirror 
width setting cylindrical lens 3 forming a cylindrical unit 4 forming a reflecting optical system adapted to 
optical system adapted to set the width of the laser 10 reflect in multiple reflections the laser beam 10 passed 
beam 10 as desired in the direction which is perpendicu- through the cylindrical lens so that the laser beam 10 
lar to the optical axis of the laser beam 10 and parallel has a uniform energy distribution; and an image-form- 
with the reflecting surfaces of the multiple reflecting ing spherical lens 5 forming an image-forming optical 
mirror unit. Those components 12, 4, 15 and 3 are ar- system adapted to focus the laser beam 10 thus reflected 
ringed in the direction of advance of the laser beam 10 15 in multiple reflections on the processing surface 6a of a 
in the stated order. workpiece 6; and a beam width setting cylindrical lens 

In the laser beam shaping device, the cylindrical axis 3 forming a cylindrical optical system adapted to set the 
of the image-forming cylindrical lens 15 is in parallel width of the laser beam 10 as required in the direction 
with the reflecting surfaces of the multiple reflecting which is perpendicular to the optical axis of the laser 
mirror unit 4, arid the cylindrical axis of the beam width 20 beam and parallel with the reflecting surfaces of the 
setting cylindrical lens 3 is perpendicular to the reflect- multiple reflecting mirror unit. Those optical compo- 
ing surfaces of the multiple reflecting mirror unit 4. In nents 2, 4, 5 and 3 are arranged in the direction of ad- 
addition, the cylindrical lens 3 is movable back and vance of the laser beam in the stated order, 
forth along the optical axis of the laser beam 10 so that In the laser beam shaping device of FIG. 10, the 
the width of the laser beam can be changed continu- 25 cylindrical axis of the light gathering cylindrical lens 2 
ously in the above-described directions. The image- is in parallel with the reflecting surfaces of the multiple 
forming cylindrical lens 15 is also movable back and reflecting mirror unit 4, and the cylindrical axis of the 
forth along the optical axis of the laser beam so that the beam width setting cylindrical lens 3 is perpendicular to 
laser beam has a desired configuration on the processing the reflecting surfaces of the multiple reflecting mirror 
surface 6a of the workpiece 6. 30 unit 4. In addition, the cylindrical lens 3 is movable back 

' and forth along the optical axis of the laser beam 10 so 
Seventh Embodiment that the width of the laser beam can be changed contin- 

FIG. 9 shows a seventh example of the laser beam uously in the above-described directions. The image- 
shaping device according to the invention. The device forming spherical lens 5 is also movable back and forth 
comprises: a light gathering cylindrical lens 2 forming a 35 along the optical axis of the laser beam so that the laser 
light gathering optical system adapted to concentrate a beam has a desired configuration on the processing 
laser beam 10 near the inlet of a multiple reflecting surface 6a of the workpiece 6. 
mirror unit 4; a beam width setting cylindrical lens 3 Nfath Embodiinent 

forming a cylindrical optical system adapted to set the 

width of the laser beam 10 as required in the direction 40 FIG. 11 shows a ninth example of the laser beam 
which is perpendicular to the optical axis of the laser shaping device according to the invention. The laser 
beam and parallel with the reflecting surfaces of the beam shaping device comprises: a light gathering spher- 
multiple reflecting mirror unit 4; the multiple reflecting ical lens 12 forming a light gathering optical system 
mirror unit 4 forming a reflecting optical system adapted to concentrate a laser beam 10 near the inlet of 
adapted to reflect in multiple reflections the laser beam 45 a multiple reflecting mirror unit 4; a beam width setting 
10 passed through the cylindrical lenses 2 and 3 so that cylindrical lens 3 forming a cylindrical optical system 
the laser beam 10 has a uniform energy distribution; and adapted to set the width of the laser beam 10 as required 
an image-forming cylindrical lens 15 forming an image- in the direction which is perpendicular to the optical 
forming optical system adapted to focus the laser beam axis of the laser beam and parallel with the reflecting 
10 thus reflected in multiple reflections on the process- 50 surfaces of the multiple reflecting mirror unit 4; the 
ing surface 6a of a workpiece 6. Those optical compo- multiple reflecting mirror unit 4 forming a reflecting 
nents are arranged in the direction of advance of the optical system adapted to reflect in multiple reflections 
laser beam in the stated order. the laser beam 10 passed through the lenses 12 and 3 so 

In the laser beam shaping device shown in FIG. 9, the that the laser beam 10 has a uniform energy distribution; 
cylindrical axes of the light gathering cylindrical lens 2 55 and an image-forming cylindrical lens 15 forming an 
and the image-forming cylindrical lens 15 are in parallel image-forming optical system adapted to focus the laser 
with the reflecting surfaces of the multiple reflecting beam 10 thus reflected in multiple reflections on the 
mirror unit 4, and the cylindrical axis of the beam width processing surface da of a workpiece 6. Those optical 
setting cylindrical lens 3 is perpendicular to the reflect- components 12, 3, 4 and 15 are arranged in the direction 
ing surfaces of the multiple reflecting mirror unit 4. In 60 of advance of the laser beam in the stated order, 
addition, the cylindrical lens 3 is movable back and In the device of FIG. 11, the cylindrical axis of the 
forth along the optical axis of the laser beam 10 so that image-forming cylindrical lens 15 is in parallel with the 
the width of the laser beam can be changed continu- reflecting surfaces of the multiple reflecting mirror unit 
ously in the above-described directions: The image- 4, and the cylindrical axis of the beam width setting 
forming cylindrical lens 15 is also movable back and 65 cylindrical lens 3 is perpendicular to the reflecting sur- 
forth along the optical axis of the laser beam so that the faces of the multiple reflecting mirror unit 4. In addi- 
laser beam has a desired configuration on the processing tion,- the cylindrical lens 3 is movable back and forth 
surface 6a of the workpiece 6. along the optical axis of the laser beam 10 so that the 
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width of the laser beam can be changed continuously in 
the above-described directions. The image-forming 
cylindrical lens 15 is also movable back and forth along 
the optical axis of the laser beam so that the laser beam 
has a desired configuration on the processing surface 6a 5 
of the workpiece 6. 

In the above-described laser beam shaping devices, 
part of the light gathering optical system, part of the 
image-forming optical system, and the cylindrical opti- 
cal system employ the cylindrical lenses 2, 15 and 3, 10 
respectively; however, the devices may be so modified 
as to use cylindrical mirrors instead. In addition, the 
spherical lenses 5 and 12 are image-forming or light 
gathering convex lenses; however, the devices may be 
so modified as to use image-forming or light gathering 15 
concave lenses. 

In the above-described embodiments, the multiple 
reflecting mirror unit 4 is made up of a pair of multiple 
reflecting mirrors arranged in such a manner that the 
reflecting surfaces are held in parallel with each other 20 
and facing each other. However, the multiple reflecting 
mirror unit 4 may be replaced by an inclined type multi- 
ple reflecting mirror unit with planar reflecting mirrors 
inclined to each other, or a curved type multiple reflect- 
ing mirror unit with curved reflecting surfaces having a 25 
predetermined curvature confronted with each other. 
In the latter case, the curved reflecting surfaces should 
be so positioned that they are equally spaced from each 
other in the directions of all the normals thereto. 

30 

Effects of the Invention 

As was described above, the laser beam shaping de- 
vice according to the invention comprises: the reflect- 
ing optical system having the multiple reflecting mirror 
unit in which the reflecting surfaces face each other to 35 
reflect the laser beam in multiple reflections; the light 
gathering optical system for gathering the laser beam 
near the inlet of the multiple reflecting mirror unit; the 
image-forming optical system for focusing the laser 
beam emerging from the outlet of the multiple reflect- 40 
ing mirror unit; and the cylindrical optical system pro- 
vide on at least one of the optical axes of the laser beams 
incident to and emergent from the multiple reflecting 
mirror unit, for setting the width of the laser beam in the 
direction which is perpendicular to the direction of 45 
advance of the laser beam and parallel with the reflect- 
ing mirrors of the multiple reflecting mirror unit. 
Hence, in shaping a laser beam according to the inven- 
tion, it can be made uniform in energy distribution with 
the energy loss minimized. For instance, by applying a 50 
CO2 laser beam to the surface of a metal according to 
the invention, the surface can be improved in quality, 
being treated uniformly thereby. Furthermore, in the 
invention, the laser beam can be changed in configura- 
tion and in dimension according to the contents of a 55 
laser processing operation, and it is not always neces- 
sary to form a laser beam absorbing coating on the 
processing surface of the workpiece to be processed 
with the laser beam. These effects or merits of the in- 
vention should be highly appreciated. 60 

While there has been described in connection with 
the preferred embodiments of the invention, it will be 
obvious to those skilled in the art that various changes 
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and modifications may be made therein without depart- 
ing from the invention, and it is aimed, therefore, to 
cover in the appended claims all such changes and mod- 
ifications as fall within the true spirit and scope of the 
invention. 
What is claimed is: 

1. A laser beam shaping device comprising: 
reflecting optical means for internally reflecting a 

laser beam in multiple reflections, said reflecting 
optical means having a multiple reflecting mirror 
unit in which reflecting surfaces are disposed fac- 
ing each other; 
said multiple reflecting mirror unit having an inlet 
and an outlet for gathering and emerging said laser 
beam, respectively; 
a light gathering optical means for gathering said 
laser beam near the inlet of said multiple reflecting 
mirror unit; 

an image-forming optical means for focusing said 
laser beam emerging from the outlet of said multi- 
ple reflecting mirror unit; and 
a cylindrical optical means for setting the width of 
said laser beam in the direction which is perpendic- 
ular to the direction of advance of said laser beam 
and parallel with said reflecting mirrors of said 
multiple reflecting mirror unit, wherein said cylin- 
drical optical means is movable back and forth 
along the optical axis of said laser beam. 

2. A laser beam shaping device comprising: 
reflecting optical means for internally reflecting a 

laser beam in multiple reflections, said reflecting 
optical means having a multiple reflecting mirror 
unit in which reflecting surfaces are disposed fac- 
ing each other; 
said multiple reflecting mirror unit having an inlet 
and an outlet for gathering and emerging said laser 
beam, respectively; 
a light gathering optical means for gathering said 
laser beam near the inlet of said multiple reflecting 
mirror unit; 

an image-forming optical means for focusing said 
laser beam emerging from the outlet of said multi- 
ple reflecting mirror unit, wherein said image- 
forming optical means is movable back and forth 
along the optical axis of said laser beam; and 
a cylindrical optical means for setting the width of 
said laser beam in the direction which is perpendic- 
ular to the direction of advance of said laser beam 
and parallel with said reflecting mirrors of said 
multiple reflecting mirror unit. 

3. A laser beam shaping device as claimed in claim 1 
or 2, in which said cylindrical optica] means is provided 
on at least one of the optical axes of said laser beams 
incident to and emergent from said multiple reflecting 
mirror unit. 

4. A laser beam shaping device as claim in claim 1 or 
2, in which said image-forming optical means is selected 
from a group composed of cylindrical lens and spherical 
lens. 

5. A laser beam shaping device as claim in claim 1 or 
2, in which said laser gathering means is selected from a 
group composed of cylindrical- lens and spherical lens. 

* • • • * 



65 



(u) United States Patent 

Tanaka 



inniiiiiiiiiini 

US006393042B1 

(io) Patent No.: US 6,393,042 Bl 
(45) Date of Patent: May 21, 2002 



(54) BEAM HOMOGENIZER AND LASER 
IRRADIATION APPARATUS 

(75) Inventor: Koichiro Tanaka, Kanagawa (JP) 

(73) Assignee: Semiconductor Energy Laboratory 
Co., Ltd., Kanagawa-ken (JP) 

( * ) Notice: Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 
U.S.C. 154(b) by 0 days. 

(21) AppL No.: 09/515,691 

(22) Filed: feb. 29, 2000 

(30) Foreign Application Priority Data 

Mat 8, 1999 (JP) 11-060368 

(51) Int. CI. 7 H01S 3/10; H01S 3/13; 

H01S 3/22; H01L 21/00; G02B 27/10; 

G02B 13/08 

(52) U.S. CI 372/101; 372/24; 372/25; 

. 372/31; 372/57; 438/30; 438/166; 359/624; 

359/668 

(58) Field of Search 372/101, 24, 25, 

372/31, 57; 438/30, 166; 359/624, 668 

(56) References Cited 

U.S. PATENT DOCUMENTS 

5,594,569 A 1/1997 Konuma ct al. 

5,879,977 A 3/1999 Zhang et al. 

5,959,779 A 9/1999 Yamazaki et aL 

6,002^23 A 12/1999 Tanaka 

FOREIGN PATENT DOCUMENTS 

JP 5-175235 7/1993 

JP 6-244104 9/1994 

JP 10-242073 9/1998 

JP 10-244392 9A998 



JP 


10-253916 


9/1998 


JP 


10-270379 


10/1998 


JP 


10-293267 


11A998 


JP 


10-294288 


11/1998 


JP 


11-109280 


4/1999 


JP 


11-186189 


7A999 



OTHER PUBLICATIONS 

Kunigita et aL, "A 2-inch Diagonal XGA Reflective Array 
with Low-Temperature Poly-Si TFTs", Display And Imag- 
ing, voL 7, 1998, pp. 157-164. 

Fume et al., "Characteristics and Driving Scheme of Poly- 
mer-Stabilized Monostable FLCD Exhibiting Fast 
Response Time and High Contrast Ratio with Gray-Scale 
Capability", SID 98 Digest, pp. 782-785. 
Yoshida et al., "A Full-Color Thresholdless Antiferroelec- 
tric LCD Exhibiting Wide Viewing Angle with Fast 
Response Time", SID 97 Digest, pp. 841-844. 
Inui et aL, "Thresholdless Antiferroelectricity in liquid crys- 
tals and its application to displays", J. Mater. Chem., 1996, 
6(4), pp. 671-673. 

Primary Examiner — Frank G. Font 

Assistant Examiner— -Armando Rodriguez 

(74) Attorney, Agent, or Firm— Eric J. Robinson; Nixon 

Peabody LLP 

(57) ABSTRACT 

There is provided a beam homogenizer which can unify the 
energy distribution of a linear laser beam in a longitudinal 
direction. In the beam homogenizer including cylindrical 
lens groups for dividing a beam, and a cylindrical lens and 
a cylindrical lens group for condensing the divided beams, 
the phases, in the longitudinal direction, of linear beams 
p assing through individual cylindrical lenses of the cylin- 
drical lens group for condensing the divided beams are 
shifted, and then, the beams are synthesized, so that the 
intensity of interference fringes of the linear beam on a 
surface to be irradiated is made uniform. 

16 Claims, 33 Drawing Sheets 
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BEAM HOMOGENIZE!* AND LASER Since the continuous-wave argon laser has a wavelength 

IRRADIATION APPARATUS of about 500 run, the absorption coefficient of the argon laser 

to a silicon film is about lCrVcm. On the other hand, since the 
BACKGROUND OF THE INVENTION excimer laser is ultraviolet light of 400 nm or less, the 

5 absorption coefficient is about 10 6 /cm which is higher than 

1. Field of the Invention me a|gon lascr by one digiL m me iIgpn laser> me 

The present invention relates to a technique for uniformly intensity is decreased to 1/e (e is a natural logarithm) at the 

irradiating a laser beam to a large area. In addition, the pomt wDen me ugDt travels 100 nm through the silicon film, 

invention relates to its application. while in the excimer laser, the intensity is decreased to 1/e 

2. Description of the Related Art io at the point when the light travels 10 nm through the silicon 
In recent years, a wide research has been made on a film. 

technique for carrying out a laser annealing to an amorphous In general, in the field of a TFT, it is considered to be 
semiconductor film or a crystalline semiconductor film suitable that the thickness of a polycrystal silicon film is 
(semiconductor film having crystallinity, such as polycrystal about 50 nm. If the silicon film has a thickness more than 50 
or microcrystal, not single crystal), that is, a non-single 15 nm, there is a tendency that off characteristics become 
crystal semiconductor film formed on an insulating substrate deteriorated, and if less than 50 nm, the reliability is influ- 
of glass or the like to crystallize it or to improve its enced. In the case where the argon laser light is irradiated to 
crystallinity. A silicon film is often used as the above the silicon film having a thickness of 50 nm, more than half 
semiconductor film. of the laser light transmits the silicon film and is absorbed by 
As compared with a quartz substrate which has been' 20 me glass substrate, so mat the glass substrate is heated more 
hitherto often used, a glass substrate has such merits that it than needed Actually, when a silicon oxide film having a 
is inexpensive and is rich in workability, and a large sub- thickness of 200 nm and a silicon film having a thickness of 
strate can be easily formed. This is the reason why the 50 nm were sequentially formed on a Coming 1737 sub- 
foregoing research has been carried out. Besides, the reason strate and crystallization was attempted, the glass was 
why a laser is preferably used for crystallization is that the 25 deformed before the silicon film was sufficiently cryslal- 
melting point of the glass substrate is low. The laser can give lhed. 

high energy to only a non-single crystal film without greatly On the other hand, in the case of irradiation of the excimer 

changing the temperature of the substrate. laser, almost all energy is absorbed by the silicon film having 

Since a crystalline silicon film formed by the laser anneal- a thickness of 50 nm, so that almost all laser light can be 

ing has a high mobility, a thin film transistor (TFT) is formed 30 used for crystallization of the silicon film. Like this, the 

by using this crystalline silicon film. For example, it is merit of using the excimer laser for crystallization of the 

actively used for a monolithic liquid crystal electro-optical silicon film is that the absorption coefficient of the excimer 

device in which TFTs for pixel driving and for driver circuits laser to the silicon film is high. 

are formed on one glass substrate. Since the crystalline FIG.24Aisatop view of a silicon film, which is irradiated 

silicon film is made of a number of crystal grains, it is called 35 with a conventional pulse oscillation excimer laser while 

a polycrystal silicon film or polycrystal semiconductor film. being scanned, seen from the above. FIG. 24B is a sectional 

A method in which a pulse laser beam of an excimer laser view of the silicon film cut along a section (surface perpen- 

or the like having high output is processed by an optical dicular to the silicon film containing a line E-F) parallel to 

system so that a rectangular spot of several cm or a linear the scanning direction of the pulse oscillation excimer laser, 

beam of several mm in width x not less than 10 cm in length FIG. 24C is a sectional view of the silicon film cut along a 

is formed on a surface to be irradiated, and the laser beam surface (surface perpendicular to the silicon film containing 

is scanned (irradiation position of the laser beam is relatively a line G-H) perpendicular to the section and perpendicular 

moved with respect to the irradiated surface) to carry out the to the silicon film. 

laser annealing, is superior in mass productivity and is 45 As is understood from FIG. 24B, irradiation traces of the 

excellent in technology. Thus, this method is used by choice. pulse laser produce undulations of the same order as the 

Particularly, when a linear laser beam is used, unlike the thickness of the silicon film. On the other hand, although the 

case of using a spot-like laser beam which requires back- undulations shown in FIG. 24C are vary small as compared 

and-forth and right-and-left scanning, laser irradiation to the with the undulations of FIG. 24B, periodic undulations 

whole surface to be irradiated can be made by scanning in 50 appear. These are due to the interference of linear beams 

only the direction perpendicular to the line direction of the shaped by a beam bomogenizer as described later, 

linear laser. Thus, high mass productivity can be obtained. An optical system serving to homogenize an energy 

The reason why scanning is made in the direction perpen- distribution (light intensity) in a linear beam is called a beam 

dicular to the line direction is that it is the most effective homogenizer. FIGS. 25A and 25B show an example of the 

scanning direction. Because of this high mass productivity, 55 beam homogenizer. 

at present, in the laser annealing, it has become the main- On an optical path, cylindrical lens groups (also called a 

stream to use the linear laser beam obtained by processing multi-cylindrical lens or cylindrical lens array) 12 and 13, a 

the excimer laser beam through a suitable optical system. cylindrical lens 14, a slit 15, a cylindrical lens 16, and a 

Recently, a continuous-wave laser, such as an Ar laser, mirror 17 are sequentially disposed from an outgoing side of 

having a higher output has been developed. There is also a «) a laser apparatus 11 as an optical source of an excimer laser, 

report that an Ar laser was used for annealing of a semi- A cylindrical lens 18 is disposed on an optical path in the 

conductor film and an excellent result was obtained. In this reflecting direction of the mirror 17. 

case, since the output of the Ar laser is not sufficient, an The cylindrical lens 12 divides a beam into plural beams 

irradiation surface has a spot shape. in a predetermined one direction (direction perpendicular to 

As a laser widely used for crystallization, an excimer laser 65 the paper surface of the side view), and the beams divided 

is known as a gas laser, and a ND:YAG laser, Nd:YV0 4 in this direction are synthesized in the cylindrical lens 16. 

laser, or argon laser is known as a solid laser. On the other hand, the cylindrical lens group 13 also divides 
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a beam into plural beams in a predetermined one direction beams in a first direction, a second dividing optical lens for 

(direction parallel to the paper surface of the side view), and dividing one beam into N(n-1) beams in a second direction 

the beams separated in the dividing direction of the cylin- perpendicular to the first direction, a first synthesizing lens 

drical lens group 13 are synthesized in the cylindrical lens for condensing light in the second direction and for synthe- 

14 5 sizing the plurality of beams divided m the second direction, 

. , , t .„ . , . . , , and a second synthesizing lens for condensing light in the 

Tnus, the laser beam emitted from the oscillator is divided fijsl ^^ion and for synthesizing the plurality of beams 

two-dimensionally by the cylindrical lens groups 12 and 13, divided in the first direction, 

and is inputted on the cylindrical lens 14. Some of the plural whereill me second synthesizing lens includes (n'-l) 

beams are synthesized in the predetermined direction cylindrical lenses, 

(direction perpendicular to the paper surface of the side *<> whcfein imB&s obtained by orthogonal projection of 

view) so that plural beams divided in the one direction respective principal points of the (n'-l) cylindrical 

(direction parallel to the paper surface) are formed and pass lenses onto a plane orthogonal to the second direction 

through the slit 15. The beams are condensed by the cylin- become (n'-l) points arranged with an interval of 

drical lens 16 so that they become again one beam. The d/(n'-l) on a same line, 

condensed beam is reflected by the minor 17, is condensed 15 wherein the character d designates an interval of peaks of 

by the cylindrical lens 18, and is irradiated as a linear beam interference fringes formed on an irradiation surface by 

19 (direction perpendicular to the paper surface of the side me beam passing through one cylindrical lens of the 

view is a longitudinal direction). second synthesizing lens, and 

In the homogenizer of FIGS. 25A and 25B, the dividing wherein the character N designates a natural number, the 

directions of the beam in the cylindrical lens groups 12 and 20 character n designates an integer not less than 3, and the 

13 cross at right angles, and the condensing directions of the character n' designates an integer satisfying 3^n'^n. 

beam in the cylindrical lenses 14 and 16 cross at right angles. When the phases of the plurality of linear laser beams in 

The intensity distribution of the linear laser beam 19 in the the longitudinal direction are shifted by a predetermined size 

longitudinal direction is unified by the combination of the and are synmesrzed, Jhe intensity ^of the ^interference fringes 

t*% - j i - ol 1o „ c u T, 25 on the irradiated surface of the linear beams can be made 

cylindrical lens group 12 and the cylindrical lens 16 .The ° 28A-28C and 29A-29D 

intensity distribution of the linear laser beam 19 m the width ' r*_ 

direction is unified by the combination ofthe cylindrical lens a ^ fa m ^ ^ homogcnhcT of the 

group 13 and the cyhndncal lens 14. ITiat *e beam * ^ ^ ^ of m ^ p ^ ^ changcd> 

divided rwo^mensionaUy and is aga^n synthesized, so that ^ ^ 6jyidhi Qf ^ ^ fey ^ lens or 

the energy of the linear beam is unified. me wndensing diction is also changed. However, in the 

Thus, it appears that as the number of beams divided by invention, the change of direction by the mirror is neglected, 

the cylindrical lens groups 12 and 13 becomes large, the and me including no mirror is assumed 

distribution of energy becomes uniform. However, irrespec- According to the invention, in the second synthesizing 

tive of the fineness of division, stripe patterns of irradiation 35 lens ^ ^ phases of the plurality of beams are shifted, and the 

traces of the linear laser beam were formed on the silicon p i ura lity of beams are condensed so that they are irradiated 

film. As shown in FIG. 24 A, the coundess stripe patterns to ^ same rc gj 0 n. Thus, in the second synthesizing lens, the 

appear to be orthogonal to the longitudinal direction of the principal points of the respective cylindrical lenses are 

linear laser beam (scanning direction of the linear beam, shifted by d/(n*-l) in the direction perpendicular to the 

direction of GH), and peaks appear periodically on the ^ opt i ca j ax ^ 

silicon film as shown in FIG. 24C. It is expected that the ^ fiist dividing \ ens Q f the invention includes a cylin- 
cause of the stripe patterns is either one of the beam before lens &oup m w hich (2n+l) cylindrical lenses with 
it is incident on the beam homogenizer and the optical optical axes parallel to each other are coupled into a column 
system of the beam homogenizer. snape shape). Moreover, here, although a beam is 
The present inventor carried out a simple experiment to 45 divided into an odd number (2n+l) beams in the first 
find the cause of the stripe patterns. An examination was dividing cylindrical lens group, it may be divided into to 
made on the change of the stripe patterns caused by rotating e ach other may be coupled into a column shape, 
a laser beam before the rectangular laser beam was incident The second dividing lens of the invention may be con- 
on the beam homogenizer. The result was that the stripe structed by a cylindrical lens group in which N(n-1) cylin- 
patterns did not change at all. It has been found that the 50 drical lenses with optical axes parallel to each other are 
cause of the stripe patterns is not the beam before it is coupled in a column shape. The first synthesizing lens may 
incident on the beam homogenizer but the beam homog- use a cylindrical lens. 

enizer. In the beam homogenizer, since a beam with a single jhe homogenizer of the invention shows remarkable 

wavelength and equal phases (since a laser obtains the effects in the case where coherent beams are linearly shaped, 

intensity by equalizing the phases, the phases of light are 55 aD d the light intensity of the linear beam in the longitudinal 

naturally equalized) is divided and is again superimposed to direction can be smoothed. As a light source of the coherent 

unify the energy, it is permissible to explain that the stripe light, a laser apparatus such as a gas laser or solid laser is 

patterns are optical interference fringes when light is super- used. A continuous-wave argon laser apparatus or pulse 

imposed. oscillation type excimer laser apparatus may be used. 

m „^ T 60 As the gas laser, an excimer laser may be named. 

SUMMARY OF THE INVENTION 60 & cxdm ^ laser fc rec0gn 4j « a pulse 

An object of the present invention is to solve the forego- oscillation type laser, a continuous-wave excimer laser oscil- 

ing problem of interference of beams having equal phases, lation apparatus has been developed recently. In order to 

such as laser light, and to unify the energy distribution of the make continuous light emission, a microwave is used to 

linear laser light in the longitudinal direction. 65 accelerate excitation of an oscillation gas. 

A beam homogenizer of the invention comprises a first By irradiating the microwave of the order of giga hertz to 

dividing optical lens for dividing one beam into (2n+l) the oscillation gas to promote a rate determining reaction of 
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oscillation, it has become possible to make continuous light 
emission of the excimer laser. The excimer laser having a 
high absorption coefficient to a silicon film becomes more 
and more important for crystallization of a semiconductor 
film when a continuous- wave one is put into practical use. 
When the continuous-wave excimer laser is used, irradiation 
traces of a pulse laser can be eliminated, so that the effect of 
laser irradiation processing can be greatly made uniform. 

As the excimer laser, for example, a KrF laser 
(wavelength 248 nm), XeCl excimer laser (wavelength 308 
am), XeF laser (wavelength 351 nm, 353 nm), ArF excimer 
laser (wavelength 193 nm), XeF laser (wavelength 483 nm), 
or the like may be used. 

As the solid laser, a pulse oscillation type Nd:YAG laser 
or Nd:YV04 laser may be used. Especially when a pulse 
oscillation laser apparatus of laser diode excitation system is 
used, a high output and high pulse oscillation frequency can 
be obtained. Althougjh the basic frequency of the Nd: YAG 
laser or Nd: YV0 4 laser is 1064 nm, not only the basic 
frequency but also either one of the second harmonic (532 
nm), third harmonic (354.7 nm), and fourth harmonic (266 
nm) may be used. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A and IB are structural views of a beam homog- 
enizer of the present invention; 

FIG. 2 is a structural view of the beam homogenizer of the 
present' invention; 

FIGS. 3A and 36 are structural views of a cylindrical lens 
group of the present invention; 

FIG. 4 is a structural view of a cylindrical lens group of 
the present invention; 

FIG. 5 is a view showing a laser irradiation system of 
Embodiment 1; 

FIG. 6 is a top view of a laser annealing apparatus of 
Embodiment 1; 

FIG. 7 is a view showing a modified example of a 
cylindrical lens group of the present invention; 

FIG. 8 is a view showing a modified example of a 
cylindrical lens group of the present invention; 

FIG. 9 is a structural view of a beam homogenizer using 
a multiphase lens of the present invention;. 

FIGS. 10A and 10B are views showing a difference 
between an optical arrangement for forming a plane wave 
and an optical arrangement for forming a spherical wave of 
the present invention; 

FIG. 11 is a view showing parameters necessary for 
obtaining a pitch d of interference fringes through calcula- 
tion of Embodiment 3; 

FIG. 12 is a view showing parameters necessary for 
obtaining the pitch d of the interference fringes through 
calculation of Embodiment 3; 

FIG. 13 is a view showing an optical system for forming 
a linear laser of Embodiment 4; 

FIG. 14 is a view showing a scanning method of the linear 
laser of Embodiment 4; 

FIG. 15 is a view showing a state of laser irradiation to a 
multiple substrate of Embodiment 5; 

FIG. 16 is a view showing a state of laser irradiation to a 
multiple substrate of Embodiment 6; 

FIGS. 17A to 17D are views showing fabricating steps of 
an AM-LCD of Embodiment 7; 

FIGS. 18 A to 18D are views showing fabricating steps of 
the AM-LCD of Embodiment 7; 
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FIGS. 19 A to 19C are views showing fabricating steps of 
the AM-LCD of Embodiment 7; 

FIGS. 20A and 20B are a top view of a pixel matrix circuit 
and a view showing a circuit arrangement, respectively, of 
5 Embodiment 7; 

FIGS. 21A and 2 IB are top views of CMOS circuits of 
Embodiment 7; 

FIG. 22 is a view showing an outer appearance of an 
AM-LCD of Embodiment 9; 
10 FI G. 23 is a view showing characteristics between applied 
voltage and light transmissivity in thresholdless antiferro- 
electric mixed liquid crystal exhibiting a V-shaped electro- 
optical response of Embodiment 9; 
15 FIGS. 24A to 24C are schematic views of a silicon film 
irradiated with a conventional linear beam; 

FIGS. 25A and 25B are structural views of a beam 
homogenizer; 

FIG. 26 is a view showing an intensity distribution of a 
20 linear beam; 

FIGS. 27A and 27B are views showing simulation results 
of the intensity distribution of linear beam in the longitudi- 
nal direction; 

FIGS. 28 A to 28C are views showing simulation results of 
25 the intensity distribution of linear beam in the longitudinal 
direction; 

FIGS. 29A to 29D are views showing simulation results 
of the intensity distribution of linear beam in the longitudi- 
^ nal direction; 

FIGS. 30A and 30B are a top view and a sectional view 
of an EL display device of Embodiment 10; 

FIGS. 31A to 31C are equivalent circuit views of pixel 
portions of EL display devices of Embodiment 11; 
35 FIGS. 32A to 32F are explanatory views of electronic 
devices of Embodiment 12; 

FIGS. 33A to 33D are explanatory views of a projector of 
Embodiment 12; and 

FIGS. 34A to 34C are explanatory views of electronic 
40 devices of Embodiment 12. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Process Leading to the Invention 

45 

First, the process leading to the invention will be 
described 

FIG. 26 schematically shows the state of light interference 
fringes of the linear laser beam 19 formed by the beam 

50 homogenizer of FIGS. 25A and 25B. In FIG. 26, the vertical 
axis indicates laser intensity I. As shown in the drawing, a 
peak 302 in laser intensity periodically appears in a linear 
laser beam 301. This peak 302 is the interference fringe. 
The occurrence of the peak 302 is caused from the fact 

55 that when the beams divided by the cylindrical lens groups 
12 and 13 of the beam homogenizer are synthesized, the 
beams interfere with each other and standing waves* are 
formed in the beams. That is, it appears that since the divided 
laser beams are superimposed at the same region of the 

60 irradiated surface, the large peak 302 occurs periodically. 
As shown in FIG. 26, in the beam homogenizer of FIG. 
25, three waves are formed per period in the longitudinal 
direction of the linear laser beam 19. The number n of waves 
(which can be said to be the number of bright lines of the 

65 interference fringes in one period) and the number s of 
lenses of the cylindrical lens group 12 satisfy the following 
equation. 
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d-(s-1)+2(s is an odd number) 
n«s+2(s is an even number) 

In the beam homogenizer of FIG. 25, the number of lenses 
of the cylindrical lens group 12 is s-7 (odd number), and the 
number of waves is n+3. 

The present inventor calculated the relation between the 
shape of the wave of the linear beam in the longitudinal 
direction at some time of the linear laser beam and the 
number s of lenses through a computer. FIGS. 27A and 27B 
show the calculation results. FIG. 27A shows a case of S«7 
and n+3 , and FIG. 27B shows a case of s=8 and n=4. 

In FIGS. 27 A and 27B, the horizontal axis indicates the 
phase (position) of a linear laser beam in the longitudinal 
direction, and the vertical axis indicates the amplitude of a 
wave. The square of the amplitude (value of the vertical 
axis) becomes the intensity of light (degree of strengthening 
of light beams with the same phase). Reference character d 
designates a length of one period and designates an interval 
between brightest lines of the interference fringes. The 
interference of the wave of FIG. 27A corresponds to FIG. 
26, and the character d becomes an interval of the peaks 302 
having the highest intensity. 

FIGS. 27A and 27B show the results of computer 
simulation, and in an actual linear laser beam, the contrast in 
the light intensity does not become clear as in the simulation. 
It is inferred that this is caused by a subtle shift of an optical 
system, a material of an optical member, a working error, 
dispersion of energy due to thermal conduction in a semi- 
conductor film, and the like. The difference in the magnitude 
of the intensity of the actual laser light is as shown in FIG. 
24B. 

In FIGS. 25A and 25B, the cylindrical lens 16 is divided 
into two portions by a broken line 20, and when an optical 
axis (principal point) is shifted in the direction perpendicular 
to the paper surface in the side view, a beam passing through 
a cylindrical lens 16a of an upper half of the cylindrical lens 
16 and a beam passing through a cylindrical lens 16b of a 
lower half thereof are superimposed on each other while 
being shifted suitably on the irradiated surface, so that the 
pattern of the interference fringes is changed. That is, the 
intensity (energy) distribution of the linear laser beam in the 
longitudinal direction is changed. When this phenomenon is 
skillfully used, from the principle of superposition of waves, 
the light intensity can be smoothed by optimizing the shift 
distance of the divided cylindrical lenses 16a and 16b. 

The present invention uses this phenomenon to design a 
beam homogenizer. For that purpose, parameters of the 
beam homogenizer were changed and the change of the 
waveform of the linear laser beam was simulated by a 
computer. FIGS. 28A to 28C and FIGS. 29A to 29D show 
the results of the simulation. Similarly to FIG. 27, the graphs 
of FIGS. 28A to 28C and FIGS. 29A to 29D show the 
relation between the phase of the linear laser beam at some 
time in the longitudinal direction and the light intensity. 
FIGS. 28 A to 28C show a case where the number s of lenses 
of the cylindrical lens group 12 of the beam homogenizer of 
FIG. 25 is 7, and FIGS. 29A to 29D show a case where the 
number s of lenses is 9. 

Hereinafter, with reference to FIGS: 28A to 28C, the case 
of s=7 will be considered. In the case of s=7, it has been 
found that in order to smooth the intensity distribution in the 
longitudinal direction, it is appropriate that waves with 
phases shifted by half a period (6/2) are superimposed on 
each other. 

The wave shown in FIG. 28B is a wave a phase of which 
is shifted from that of FIG. 28Aby a half period. When the 
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wave of FIG. 28A and the wave of FIG. 28B are superim- 
posed on each other, the pattern of the waveform shown in 
FIG. 28C is obtained. 

In the wave of FIG. 28C, the variation in the amplitude is 

5 smoothed, and the period d' of the wave is smaller than the 
period d of the wave of FIG. 28A. When the value of the 
square of the amplitude of the wave of FIG. 28A is compared 
with that of FIG. 28C, it is understood that the variation of 
the intensity of light at a position in the longitudinal direc- 
tion in FIG. 28C becomes small and is smoothed. 

10 Next, the case of s=9 will be considered with reference to 
FIGS. 29A to 29D. In the case of s=9, it has been found that 
in order to smooth the intensity of the linear beam in the 
longitudinal direction most effectively, three waves with 
phases shifted by Vi period (d/3) from each other are 

15 superimposed on each other. 

FIGS. 29B and 29C show waves obtained by sequentially 
shifting the phase of the wave of FIG. 29Aby l A period. FIG. 
29D shows a synthesized wave of these waves shown in 
FIGS. 29A to 29C. 

20 Similarly to the synthesized wave of FIG. 28C, in the 
wave of FIG. 29D, the variation in the amplitude is 
smoothed, and the period d' of the wave is smaller than the 
period d of the wave of FIG. 29A. When the value of the 
square of the amplitude of the wave of FIG. 29Ais compared 

25 with that of 29D, it is understood that in the wave of FIG. 
29D, the variation in the intensity of light at a position in the 
longitudinal direction becomes small and is smoothed. 
Further, in the wave of FIG. 29D, the energy distribution in 
the longitudinal direction is smoothed more than FIG. 28C. 

30 it is understood that in order to form the waveform such 
as FIGS. 28C or 29D, it is appropriate that just the relation 
of FIG. 28 A and FIG. 28B, M beams with phases (positions) 
shifted by d/M (d is a period, M is a natural number) at the 
identical time are superimposed on each other. 

35 In the conventional beam homogenizer shown in FIG. 25, 
the laser beam formed after passing through the combination 
of the cylindrical lens group 12 and the cylindrical lens 16 
is divided by the cylindrical lens group 13. 
Thus, when the phases of the laser beams divided by the 

40 cylindrical lens group 13 are shifted and are superimposed 
to the same irradiation position, it is possible to form a linear 
laser beam with a uniform energy distribution in the longi- 
tudinal direction as shown in FIGS. 28C or 29D. 
In FIG. 25, with respect to the beam passing through the 

45 cylindrical lens 16a obtained by dividing the cylindrical lens 
16 into the two portions and the beam passing through the 
cylindrical lens 166, when the positions of the cylindrical 
lenses 16a and 16b are shifted from each other, just the 
relation of the wave of FIG. 28A and the wave of FIG. 28B, 

50 the phase can be shifted in the longitudinal direction 
(direction perpendicular to the paper surface of the side 
view) of the linear beam 19. Thus, by optimizing the shift of 
the phase, in the beam obtained by superimposing these 
beams on each other, it becomes possible to smooth the 

55 intensity distribution in the longitudinal direction. 

The invention disclosed in the present specification pro- 
vides an optimum combination of parameters of a beam 
homogenizer in order to optimize the shift of phases. 

Embodiment Mode of the Invention 

Next, embodiment mode of the invention will be 
described below with reference to the drawings. 

FIGS. 1A and IB and FIG. 2 show an optical system of 
a beam homogenizer of this embodiment mode. In this 
65 emrxKhment mode, a cylindrical lens is used for each lens of 
the beam homogenizer. FIG. 1A is a top view, FIG. IB is a 
side view, and FIG. 2 is a perspective view. 
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From an outgoing side of a laser generating means 201, only one principal plane (principal point) exists in a lens, 

cylindrical lens groups 202 and 203 for dividing a beam, a strictly speaking, two principal planes exist. However, in the 

cylindrical lens 204 and a cylindrical lens group 206 for present specification, it is assumed that either one of the 

superimposing divided beams, are sequentially disposed. image side principal plane and the object side principal 

Further, between the cylindrical lens 204 and the cylindrical 5 plane is considered. 

lens group 206, a slit 205 is disposed on an optical path. At ^ character d is a period of a wave in the longitudinal 

a transmissioE 1 side of the synthesizing <^^rical lens group & explained in FIGS. 27A to 29D, and is a period 

206, a mirror 207 and a cyhndncal lens 208 are sequentially of ^vuteacc fringes which beams passing through the 

disposed on the optical path. Incidentally, for convenience of lindfical lenses (2 g 6a or 2Q6b) ^rslLing me cylindrical 

explanation the nnrror 207 is omitted in FIG. 2. ^ ^ ^ on ^ ^ 

The cyhndncal lens group 202 is composed of (2n+l) . T • • j a * .u ■ ♦ ^ 

cylindrical lenses with optical axes parallel to each other, Id order to measure * e V^nod d of the interference 

and the direction in which one beam is divided into (2n+l) ttng«s in the cyhndncal lens group 206, only one cylin- 

beams is made a direction (first direction) perpendicular to dncal lens 206a is made unchanged, and a linear laser beam 

the paper surface of the side view. is directly observed in the state where light does not pass 

The cylindrical lens group 203 is composed of N(n-1) 15 through the other cylindrical lens 2066, and the period is 

cylindrical lenses, and the direction in which one incident measured. Besides, the period can be indirectly measured 

beam is divided into N(n-1) beams is made a direction through an annealing effect by the linear laser beam. For 

(second direction) perpendicular to the paper surface of the example, as is explained by use of FIGS. 24A-24C, vertical 

top view. ~ - stripes appear on a silicon film irradiated with a linear laser 

The synthesizing cylindrical lens 204 is paired with the 20 beam, and an interval of the vertical stripes may be mea- 

dividing cylindrical lens group 203, and is a lens for sured. Besides, as described later, it is also possible to obtain 

condensing beams divided in the direction perpendicular to me P eriod through a simple calculation equation, 

the paper surface of the top view. The generatrices of the Hereinafter, in the cylindrical lens group 206, a method of 

cylindrical lenses constituting the cylindrical lens group 203 obtaining the optimum value of the shift AD of the cylin- 

and the cylindrical lens 204 are parallel to each other. 25 drical lens will be described. 

The synthesizing cylindrical lens group 206 is composed In this embodiment mode, since the number (2n+l) of 

of (n»-l) cylindrical lenses with optical axes parallel to each lenses of the cylindrical lens group 202 is 7 and n=3, the 

other, is paired with the cylindrical lens group 202, and is a number of cylindrical lens of the cylindrical lens group 203 

lens for condensing beams divided in the direction perpen- x is N(n-1), integer times as large as (n-1), that is, an even 

dicular to the paper surface of the side view. The genera- number. At this time, AD is made d/2. 

trices of the cylindrical lenses constituting the cylindrical The effect of this embodiment mode will be described 

lens groups 202 and 206 are parallel to each other. with reference to FIG. 2. A laser beam from the laser 

FIGS. 1A and IB and FIG. 2 show the optical system in generating apparatus 201 is divided into seven beams at the 

a case of N=2, n=3, and n'«3. The number (2n+l) of lenses 35 cylindrical lens group 202. Here, for simplicity, one beam is 

of the cylindrical lens group 202 becomes 7, the number considered. The beam passing through the cylindrical lens 

N(n-1) of lenses of the cylindrical lens group 203 becomes group 202 is divided into four beams at the cylindrical lens 

4, and the number of lenses (n'-l) of the cylindrical lens group 203. The four beams are condensed at the cylindrical 

group 206 becomes 2. lens 204 so as to be synthesized into one beam, and is shaped 

The structure of the cylindrical lens group 206 is shown 40 mt0 a Knear sha P e °y ^ slit 205 ' 311(1 * ^ident on the 

in FIGS. 3A and 3B. FIG. 3A is a perspective view and FIG. cylindrical lens group 206. 

3B is a top view. As shown in FIGS. 3A and 3B, the At the cylindrical lens group 206, two beams phases of 

cylindrical'lens group 206 is composed of cylindrical lenses which in the longitudinal direction of the slit 205 are shifted 

206a and 2066, and the principal points of the lenses 206a by AD(d/2) are outgoing. They are condensed by the cylin- 

and 2066 are shifted from each other by a predetermined 45 drical lens 208 and are irradiated as the linear beam 210. 

length AD«d/2. Here, among the beams irradiated to the inadiation 

More specifically, as shown in FIG. 3B, principal planes surface, it is assumed that a linear beam passing through the 

100a and 1006 of the respective cylindrical lenses 206a and cylindrical lens 206a is designated by. 211a, and a linear 

2066 make the same plane, and images of the principal beam passing through the cylindrical lens 2066 is designated 

points 101a and 1016 of the respective lenses obtained by 50 DV 211 &* T& e interference fringes of the linear beams 211a 

orthogonal projection onto the plane perpendicular to the and 2116 are schematically shown by white and black 

plane (or generatrices of the respective lenses) made of these shading. Black indicates bright lines. When the linear beam 

principal planes are on the same line and become points 211a or 2116 having such strong interference fringes is 

arranged with an interval AD. The images of the orthogonal irradiated while being scanned in the width direction, as 

projection correspond to the principal points 101a and 1016 55 shown in FIGS. 24A to 24C, the stripe pattern due to the 

on the paper surface. Alternatively, the structure of the difference in the light intensity of the linear beam appears, 

cylindrical lens group 206 is such that images of rear focal In this embodiment mode of the invention, the linear 

points 103a and 1036 of the respective lenses obtained by beams 211a and 2116 are shifted in the longitudinal direc- 

orthogonal projection onto the plane perpendicular to the tion by d/2 so that the portion (black portion) having high 

plane (or generatrices of the respective lenses) made of the 60 intensity and the portion (white portion) having low inten- 

principal planes are on the same line and become points with sity overlap with each other. As a result, the interference 

an interval AD. Alternatively, images of optical axes 102a fringes are eliminated or are made obscure like the linear 

and 1026 of the respective lenses obtained by orthogonal beam 210. 

projection onto the plane perpendicular to the plane made of Here, in the case where the number of lenses of the 

the principal planes are parallel lines with an interval AD. 65 cylindrical lens group 202 is nine, since n is equal to 4, if the 

Incidentally, in FIGS. 3A and 3B, although both the number of lenses of the cylindrical lens group 203 is a value 

cylindrical lenses 206a and 2066 are made such lenses that integer times as large as 3 (corresponding to n-1), for 
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example, 6, the energy distribution of the linear beam 210 in 
the longitudinal direction can be made uniform. In this case, 
since energy can be made more uniform when the number of 
lenses of the cylindrical lens group 206 is 3 rather than 2, it 
is appropriate that instead of the cylindrical lens group 206, 
a cylindrical lens group 220 made of three cylindrical lenses 
as shown in FIG. 4 is used. 

As shown in FIG. 4, in the cylindrical lens group 220, it 
is appropriate that the interval of points obtained by orthogo- 
nal projection of principal points of the cylindrical lenses 
220a, 2206, and 220c is made d/3. 

However, when three cylindrical lenses are combined, the 
structure becomes complicated so that the cost becomes 
high, and further, the alignment of the optical system 
becomes more difficult. Thus, the cylindrical lens group may 
be constructed by two cylindrical lenses. 

From the above consideration and calculation, in the case 
where the number of cylindrical lenses of the cylindrical 
lens group 202 is an odd number, the number of lenses of the 
cylindrical lens group 206 is made (n'-l), and the principal 
points of the (n'-l) cylindrical lenses are sequentially shifted 
by d/(n'-l). Here, n 1 is an integer satisfying 3^n'^n, and the 
number of lenses of the cylindrical lens group 203 is N(n'-1) 
(N is a natural number), that is, a value integer times as large 
as the number of lenses of the cylindrical lens group 206. 

By doing so, the phases of the laser beams divided by the 
cylindrical lens group 203 are shifted and are superimposed, 
so that the light intensity of the linear beam in the longitu- 
dinal direction can be made uniform. 

The structure of the beam homogenizer shown in FIGS. 
1A and IB and FIG. 2 is a basic one, and other optical 
systems may be arranged. Besides, a part of the optical 
members may be replaced by another optical member hav- 
ing a similar function. Besides, the optical system shown in 
the drawings may be used as a part of the whole. 

For example, although the cylindrical lens group 202 and 
the cylindrical lens group 203 shown in FIGS. 1A and IB are 
lens arrays made of convex lenses, concave lens groups or 
convex and concave mixed lens arrays may be used. For 
example, a cylindrical lens array in which concave and 
convex lenses are combined, as shown in FIG. 7, may be 
used. 

Besides, the cylindrical lens group 203 and the cylindrical 
lens 204 may be replaced by a multiphase lens 231 shown 
in FIG. 8. FIG. 9 shows an optical system in the case the 
replacement is made. In FIG. 9, the same reference numerals 
as those of FIGS. LA and IB designate the same members. 

However, in the case where lens groups which are not 
congruent with each other, as typified by concave convex 
mixed lenses, is used, it is preferableto construct such a lens 
group that angles of expansion, after processing, of parallel 
beams processed by those lenses are the same. 

Otherwise, when the divided beams are recombined, the 
respective beams are superimposed on each other with 
different sizes and shapes, so that the contour of the beam 
becomes unclear. 

The embodiment mode of the invention becomes espe- 
cially effective in the case where a rectangular laser beam in 
which its aspect ratio is not very large, is processed into a 
linear laser beam having an aspect ratio of 100 or more. 

Besides, the number of lenses of the cylindrical lens group 
202 can also be made an even number (2n). Other conditions 
may be the same as the case of an odd number (2N+1). 
However, when the number of lenses of the cylindrical lens 
group 202 is an odd number, a more remarkable effect can 
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be obtained. Incidentally, even if the number of lenses of the 
cylindrical lens group 202 is an even number, if an odd 
number of beams are incident on the cylindrical lens group 
203, it is needless to say that the cylindrical lens group 202 
5 can be regarded as being constructed by an odd number of 
lenses. 

When the number of lenses of the cylindrical lens group 
202 is an odd number, the waveform of the linear beam in 
the longitudinal direction on the irradiation surface can be 
to ma de a sine wave as shown in FIG. 28C or FIG. 29D, and 
the energy in the longitudinal direction can be made more 
uniform. 

In the case where the number of lenses of the cylindrical 
lens group 202 is two or three, even in the conventional 

15 homogenizer as shown in FIGS. 25A and 25B, it is possible 
to make a sine wave. However, since the dividing number of 
the beams is small, it is hard to obtain a beam with uniform 
energy on the irradiation surface. Thus, in the invention, it 
is preferable to make the number of lenses of the cylindrical 

20 lens group at least 6. 

When the number of lenses of the cylindrical lens group 
202 is an even number, it is impossible to obtain a beam with 
dispersed light intensity as compared with the case of an odd 
number. However, as compared with the conventional opti- 

25 cal system using a cylindrical lens not divided, a remarkable 
effect in smoothing of energy is obtained. 

Incidentally, since the period d is denned by the period of 
the interference fringes as shown in FIGS. 27A or 27B, the 
value can be obtained by measuring the period of the 

30 interference fringes as described above. However, the period 
d can also be obtained through calculation. 

It can be calculated through an equation of d=Xf/L by 
using a wavelength \ of laser light generated by the laser 

35 apparatus 201, a focal distance f of one cylindrical lens of 
the cylindrical lens group 206, and a width L of a cylindrical 
lens constituting the cylindrical lens group 202. 

As is apparent from the above explanation, it is preferable 
that the period d of the interference fringes is constant in the 

^ linear laser beam. That is, it is preferable that the interfer- 
ence fringes appear at a constant period as shown in FIGS. 
27A or 27B along the longitudinal direction of the linear 
beam. 

However, in the beam homogenizer of FIG. 1, except for 

45 some particular case, the period of the interference fringes of 
the linear beam 210 do not become uniform. This is because 
the linear beam 210 is made of spherical waves linearly 
synthesized (see FIG. 10A. When the spherical wave is cut 
by a line, an interval between portions with the same phase 

50 is not constant). If it is desired to make an interval of peaks 
of interference almost constant, it is appropriate that plane 
waves are linearly synthesized (when the plane wave is 
obliquely cut by a line, an interval of portions with the same 
phase becomes constant). An optical system for forming 

55 such a light wave is shown in FIG. 10B. 

The different point between FIG. 10B and FIG. lOAis that 
whether all of the laser beams divided by the cylindrical lens 
group 202 at the beam incident side are processed into 
parallel light beams by the subsequent cylindrical lens group 

60 206. 

The optical system as shown in FIG. 10B can be easily 
obtained by suitably selecting the distance between the front 
dividing cylindrical lens group 202 and the rear synthesizing 
cylindrical lens group 206. By making the state of FIG. 10B, 
65 any beams divided by the cylindrical lens group can be 
processed into plane waves by the cylindrical lens group 
206. When the beam processed by this optical system is 
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used, the interval of the vertical stripes becomes almost 
constant. The optical system of such arrangement is most 
suitable for the present invention. 

However, even in the linear beam made of synthetic 
spherical waves, since the radius of curvature of the spheri- 
cal wave is sufficiently large, il can be substantially regarded 
as a parallel light beam, so that the invention can be applied. 
However, in the case where the spherical waves are 
synthesized, the period d of the interference fringes is 
defined as an average value of the whole linear beam. 

As described above, when the invention disclosed in the 
present specification is used, the energy distribution of the 
linear laser beam in the longitudinal direction is remarkably 
made uniform. Particularly, in the case where the number of 
lenses constituting the cylindrical lens group 202 is an odd 
number, since the waveform of the linear laser beam in the 
longitudinal direction can be shaped into a sine state (see 
FIGS. 28C and 29D), the invention can most effectively 
function. 

However, it is very difficult to make the energy distribu- 
tion in the longitudinal direction completely constant There 
is also a case where the variation of the energy distribution 
is more emphasized according to irradiation conditions of 
the laser beam. 

At such a time, when the scanning direction of the laser 
beam is finely adjusted, the improvement can be made. The 
fine adjustment is carried out by performing laser processing 
while the linear laser beam is scanned in the direction shifted 
by an angle y in a plane from the direction perpendicular to 
the linear direction of the beam and containing the surface 
formed by the linear laser beam. This angle y can be found 
in the range of |tan y\=0.1 (however, [tan y|-0). 

When a laser annealing of a semiconductor film is carried 
out through the optical system of the invention to form a 
polycrystal semiconductor film, and for example, a device 
such as a TFT liquid crystal display is fabricated using the 
film, fluctuation in characteristics of individual TFTs can be 
suppressed and a high quality device can be obtained. 
Besides, the laser annealing of the invention can be used for 
not only semiconductor crystallization but also activation of 
an impurity, such as phosphorus or boron, doped to control 
the conductivity of a semiconductor film. 

When the invention disclosed in the present specification 
is used for the laser annealing at the fabrication of a 
semiconductor integrated circuit, characteristics of compo- 
nents formed on the same substrate can be unified, and the 
circuit having high performance can be obtained. 

Next, preferred embodiments of the invention will be 
described with reference to the drawings. 

Embodiment 1 

In fabricating steps of this embodiment, first, a method of 
fabricating films to be irradiated with a laser will be 
described. The films to be irradiated with the laser are three 
kinds of amorphous silicon films in the present specification. 
The present invention is effective for any film. 

Any of the three kinds of amorphous silicon films are 
films formed by a plasma CVD method on a silicon oxide 
■ film with a thickness of 200 nm as an base film on a Corning 
1737 glass substrate of 127 mm square as a substrate. The 
thickness of each of the amorphous silicon films is made 50 
nm. This amorphous silicon film will be hereinafter referred 
to as a starting film. 
(Fabricating procedure of film A) 

The starting film is subjected to heat annealing at 450° C. 
for one hour. This step is for reducing the hydrogen con- 
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centration in the amorphous silicon film. If the concentration 
of hydrogen in the film is excessively high, the film can not 
resist the laser energy, so that this step is required It is 
suitable that the density of hydrogen in the film is of the 

5 order of 10 20 atoms/cm 3 . This film will be referred to as a 
non-single crystal silicon film A. 
(Fabricating procedure of film B) 

A nickel acetate solution of 10 ppm is applied onto the 
starting film by a spin coating method to form a nickel 

10 acetate layer. It is more preferable to add a surfactant to the 
nickel acetate solution. Since the nickel acetate layer is very 
thin, although it is not always film-like, a problem does not 
occur in the subsequent steps. 

Next, the film is subjected to thermal annealing at 600° C. 

15 for 4 hours. Then, the amorphous silicon film is crystallized, 
so that a crystalline silicon film B of a non-single crystal 
silicon film is formed. At this time, nickel as a catalytic 
element functions as a nucleus of crystal growth, so that 
crystallization is accelerated. By the function of nickel, 

20 crystallization can be made at a low temperature for a short 
time such as 600° C. and 4 hours. The details are disclosed 
in Japanese Patent Laid -Open No. HeL 6-244104. 

It is preferable that the concentration of the catalytic 
element is lxlO 15 to IxlO 19 atoms/cm 3 . When the concen- 

25 tration is as high as IxlO 15 * atoms/cm 3 or more, metallic 
properties appear in the crystalline silicon film, and the 
semiconductor characteristics are lost. In this embodiment, 
the concentration of the catalytic element in the crystalline 
silicon film is lxlO 17 to 5xl0 18 atoms/cm 3 as the minimum 

30 value in the film. These values are obtained by analysis and 
measurement with secondary ion mass spectroscopy 
(SIMS). 

(Fabricating procedure of film Q 

A silicon oxide film with a thickness of 70 nm is formed 
35 on the starting film. A plasma CVD method is used as a film 
formation method. 

Next, a part of the silicon oxide film is completely opened 
by a photolitho patterning step. 

Further, for the purpose of forming a thin oxide film on 
40 the opening portion, irradiation of UV light is carried out in 
an oxygen atmosphere for 5 minutes. This thin oxide film is 
formed to improve wettability of the opening portion to a 
subsequently introduced nickel solution. 

Next, a nickel acetate solution of 100 ppm is applied to the 
45 film by a spin coating method, so that nickel acetate enters 
the opening portion. It is more preferable to add a surfactant 
into the nickel acetate solution. 

Next, thermal annealing at 600° C. for 8 hours is carried 
out, so that crystals grow from the nickel, introduced portion 
50 in the lateral direction. At this time, the role of nickel is the 
same as in the film B. In the condition at this time, the 
distance of crystal growth is about 40 /an. 

In this way, the amorphous silicon film is crystallized, so 
that a crystalline silicon film C as a non-single crystal silicon 
55 film is formed. Thereafter, the silicon oxide film on the 
crystalline silicon film is peeled and removed by using 
buffered hydrofluoric acid. 

The non-single crystal silicon films A, B, and C obtained 
in this way are crystallized. 
60 Next, in order to further improve the crystallinity, a laser 
annealing using an excimer laser is carried out. 

FIG. 5 shows a laser irradiation system in this embodi- 
ment. FIG. 5 shows the outline of the laser irradiation 
system. 

65 In FIG. 5, the laser irradiation system has such a function 
that a pulse laser beam is emitted from a laser apparatus 201, 
the traveling direction of the laser beam is adjusted by two 
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pairs of reflecting mirrors 901, and then, its sectional shape 
is processed into a linear shape by a beam homogenizer 902 
of the invention, and the thus obtained pulse laser beam is 
reflected by a mirror 207, condensed by a cylindrical lens 
208, and irradiated onto a substrate 904 to be treated. Abeam 5 
expander which can suppress an expanding angle of the laser 
beam and can adjust the size of the beam may be inserted 
between the two pairs of reflecting mirrors 901. 

The optical system 902 is an optical system on the optical 
path from the cylindrical lens group 202 to the cylindrical 10 
lens group 206 shown in FIG. 1. The mirror 207 and the 
cylindrical lens 208 are also based on the structure shown in 
FIG. 1. As any linear laser beam used in the invention, what 
is based on the optical system shown in FIG. 1 is used. The 
role of a lens group of a type as in FIG. 1 will be described 15 
below. 

In the beam homogenizer used for this embodiment, since 
the number of lenses of the cylindrical lens group 202 is 
made 7 (corresponding to 2n+l), in the structure shown in 
FIG. 1, the number of lenses of the cylindrical lens group 20 
206 becomes 2 (corresponding to n-1). 

FIGS. 3A and 3B are structural views of the cylindrical 
lens group 206. Hereinafter, a method of determining the 
interval AD between the principal points of the cylindrical 
lenses 206a and 206b constituting the cylindrical lens group 25 
206 will be described. 

In the case of this embodiment, a period of optical 
interference fringes distributed in the linear laser beam 
formed through one lens 206a arbitrarily selected in the 
cylindrical lens group 206 and lenses other than the cylin- 30 
drical lens group 206 in FIG. I was 0.1 mm. This value 
corresponds to the parameter d used in the invention. 

As described above, when the distance calculated from 
the equation of d/(n-l) is made the distance of a shift of the 
principal points of the cylindrical lenses 206a and 206b, the 35 
energy distribution of the linear beam in the longitudinal 
direction can be made most uniform. 

Here, the values of d and n are substituted for the 
equation. In this embodiment, since n«3, the obtained dis- 
tance becomes 0.05 mm. From the principle of superposition 40 
of waves, it is needless to say that even if the distance is 
changed to 0.15 mm, 0.25 mm, 0.3 mm, ... by an interval 
of 0.1 mm, the same effect is obtained. However, as this 
interval is made wide, the effective length of the linear beam 
in the longitudinal direction becomes short. 45 

That is, when the principal points of the cylindrical lenses 
206a and 2066 are shifted in the direction perpendicular to 
the optical axis, both ends of the linear laser beam 210 in the 
longitudinal direction become blur correspondingly to the 
shifted distance (see FIG. 2. White portions at both ends 50 
indicate the blurred portions). Since it is easy to make both 
ends of the linear laser beam in the longitudinal direction 
element regions, the slight blur does not influence the 
processing at all. On the other hand, since both ends in the 
width direction are not blurred at all, even if the element 55 
region is irradiated therewith, a bad influence does not occur. 

Since n is equal to 3 in this embodiment, by this, the 
division number of the laser beam in the vertical direction 
(width direction of the linear beam) is determined by a 
multiple of (3-1). In the case of this embodiment, N was 6C 
made 4, and division into 8 parts was made. The division 
number of the laser beam in the horizontal direction 
(longitudinal direction of the linear beam) is (2x3+l)»7. The 
beam emitted from the laser apparatus 201 is divided into 8 
parts in the vertical direction (width direction of the linear 65 
laser beam) and 7 parts in the horizontal direction 
(longitudinal direction of the linear laser beam). 
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The linear laser beam 210 is one obtained by synthesizing 
56 («7x8) divided beams. By doing so, the energy distribu- 
tion of the beam is smoothed. 

Although the ratio of horizon and vertical lengths of the 
beam can be changed from the structure of the lens group, 
the beam shape easily formed is restricted by the combina- 
tion of the size of the lens and its focal distance. Incidentally, 
in this optical system, the length of the long side of the beam 
can not be changed. As the laser oscillation apparatus 201, 
here, one oscillating a XeCl excimer laser beam (wavelength 
308 nm) is used. In addition, a KrF excimer laser 
(wavelength 248 nm) or the like may be used. 

The substrate 904 to be treated is disposed on a stage 905. 
The stage 905 can be moved in a one-axial direction by a 
moving mechanism 903. In actual processing, the stage 905 
is moved in parallel to the vertical direction (including a 
plane containing the linear laser beam) to the line width 
direction of the linear laser beam. 

FIG. 6 is a structural view of a laser annealing apparatus 
provided with the laser irradiation apparatus of FIG. 5. A 
cassette 913 containing a plurality of substrates 904 to be 
treated, for example, 20 substrates is disposed in a load/ 
unload chamber 915. A substrate is moved from the cassette 
913 into an alignment chamber 912 by a robot arm 914. 

In the alignment chamber 912, an alignment mechanism 
for correcting the positional relation between the treated 
substrate 904 and the robot arm 914 is provided. The 
alignment chamber 912 is coupled with the load/unload 
chamber 915. 

The substrate is transferred into a substrate transfer cham- 
ber 911 by the robot arm 914, and further, is transferred into 
a laser irradiation chamber 916 by the robot arm 914. 

In FIG. 5, a linear laser beam irradiated onto the treated 
substrate 904 is made 0.4 mm in widthxl35 mm in length. 

The energy density of the laser beam on the surface to be 
irradiated is within the range of 100 mJ/cm 2 to 500 mJ/cm 2 , 
and is made, for example, 300 mJ/cm 2 . The irradiation is 
made while the stage 905 is being moved in one direction at 
a speed of 1.2 mm/s, so that the linear laser beam is scanned. 
The oscillation frequency of the laser is made 30 Hz, and 
when attention is paid to one point of the irradiated object, 
laser beams of 10 shots are irradiated. The number of the 
shots is suitably selected from the range of 5 shots to 50 
shots. 

After the laser irradiation is ended, the substrate 904 to be 
treated is pulled back by the robot arm 914 into the substrate 
transfer chamber 912. 

The substrate 904 to be treated is transferred into the 
load/unload chamber 915 by the robot arm 914, and is 
contained in the cassette 913. 

With this, the laser annealing step is ended. By repeating 
the above step in this way, a plurality of substrates can be 
continuously treated one by one. 

In this embodiment, although the linear laser beam is 
used, even when any beam shape from a linear shape to a 
square shape is used, the effect of the present invention is 
obtained. 

When a TFT having an active layer of the semiconductor 
film which has been subjected to the foregoing laser anneal- 
ing is fabricated, both N-channel and P-channel TFTs can be 
fabricated. 

Besides, it is also possible to obtain a structure in which 
N-channel and P-channel TFTs are combined. Besides, it is 
also possible to integrate a number of TFTs to construct an 
electronic circuit. 

The above can be said for a semiconductor film which has 
been subjected to a laser annealing through an optical 
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system shown in other embodiments. In the case where a 1206 is returned into the state of the cylindrical lens group 

liquid crystal display constructed by TFTs is fabricated by 206, even if the divided cylindrical lens 1206 is moved in the 

using a semiconductor film subjected to the laser annealing direction shown by the arrow 1207, the essence of the 

through the optical system of the invention, a high quality invention is not influenced at all. 

display with less fluctuation in characteristics of the respec- 5 Besides, in this case, when a focal distance of the cylin- 

tive TFTs can be obtained. drical lens 1206 is made f, and a width of one lens of the 

cylindrical lens group 202 is made L, tan a=L/f is es lab- 
Embodiment 2 lished. 

In the case where the stripe pattern does not disappear Since an angle of a is sufficiently small, tan o>-sin a is 

well in the embodiment 1, the arrangement of the optical 10 established. Thus, (J-Xf/L is established. As described 

system is not suitable, or the way of superposition of the above, in general, since p=d, d-Xi/L. 

linear laser beams is unsuitable. In this case, the scanning Thus, if the focal distance f of the cylindrical lens 1206, 

direction of the substrate is finely adjusted by a scanning ^ L of one lens of the cylindrical lens group 202, and 

direction changing apparatus 906, and the scanning direction ^ wav elength k of the laser light are known, even if the 

in which the interference fringes are less noticeable is 15 ptT iod d of the interference fringes of the linear laser is not 

selected. actually measured, it can be obtained through the calcula- 

That is, it is appropriate that laser light is made to be UO n. 

scanned and irradiated with a slight angle to the width Incidentally, in the case where the optical system of 

direction of the linear laser beam. ^ arrangement shown in FIG. 10A is adopted, a beam passing 

„ through the cylindrical lens group 206 becomes a spherical 

Embodiment 3 mvz, ^ ^ f oregoing formula is not completely estab- 

In the embodiment 1, the pitch d of the interference lished In this case, the pitch d is calculated through a 

fringes when the arrangement of the optical system shown in numerical calculation using a calculator. 

FIG. 1 is adopted can be easily obtained through calculation. ^ Also in this case, if the sum of the focal distance f of the 

In this embodiment, the calculation method will be cylindrical lens group 206 and the focal distance of the 

described with reference to FIGS. 11 and 12. cylindrical lens group 202 is close to an interval between the 

First, such a state is supposed that the divided lenses of the cylindrical lens group 206 and the cylindrical lens group 

cylindrical lens group 206 are not shifted from each other. 202, the pitch d obtained by the foregoing formula can be 

For convenience, the cylindrical lens group 206 in this state 30 used, 
will be referred to as a cylindrical lens 1206. 

The optical system shown in FIG. 11 may be regarded as 

showing the sections of the cylindrical lens group 202 In lhe f orego ing embodiment, although the pulse oscilla- 

shown in FIG. 1 and the cylindrical lens 1206. ^ on |yp e excimer laser is used, in this embodiment, a 

In the case where the arrangement of the optical system of 35 continuous-wave excimer laser is used. In the case of the 

FIG. 11 is adopted, beams synthesized by the cylindrical continuous-wave type, as compared with the pulse oscilla- 

lens 1206 may be said plane waves, respectively. tion type, since a scanning speed of linear laser becomes 

In this case, a light flux of laser light incident on the slow, heat of laser light is apt to be conducted to a substrate, 

cylindrical lens 1206 through two lenses 1201 adjacent to Thus, it is desirable that a quartz substrate having a high 

the center lens, among the lenses constituting the cylindrical 40 distortion point temperature is used as the substrate. The 

lens group 202, crosses an irradiation surface 1204 at an quartz substrate is not deformed or transformed at all even 

angle a. if it is heated up to the melting point temperature of a silicon 

Here, since a wavefront 1205 of the laser is linear, lines film. Thus, a beam size can be widened, 

drawn at an interval of wavelength X 916 of the wavefront 45 In this embodiment, a description will be made on an 

cuts the irradiation surface 1204 at an interval p (see FIG. example in which a continuous-wave excimer laser of 1000 

12). W is processed into a linear beam (size of 125 mmxO.4 mm) 

The relational expression between the angle a and the and is used. FIG. 13 shows a structure of a beam homog- 

interval p can be expressed by using the wavelength That enizer of this embodiment. The beam homogenizer of FIG. 

is, it is possible to express the relation as p=Vsin ol 50 13 corresponds to that of FIG. 1 in which the slit 205 is 

The two lenses 1201 form a standing wave with an omitted. A cylindrical lens group 407 corresponds to the 

interval 6 at the irradiation surface 1204. Besides, two lenses cylindrical lens group 202, a cylindrical lens group 408 

1202 form a standing wave with an interval of X/2 at the corresponds to the cylindrical lens group 203, a cylindrical 

irradiation surface 1204. Further, two lenses 1203 form a lens 409 corresponds to the cylindrical lens 204, and a 

standing wave with an interval of p/3 at the irradiation 55 cylindrical lens group 410 corresponds to the cylindrical 

surface 1204. These standing waves are synthesized at the lens & ou P 206 > 

irradiation surface 1204, and a standing wave as shown in All of the above optical members are made of quartz. 

FIG. 28C or FIG. 29D is formed. Thus, as shown in FIGS. Quartz was used since its transmissivity in the wavelength 

28A to 28C or FIGS. 29A to 29D, the interval p coincidents range of the excimer laser was sufficiently high. Besides, a 

with the period d of the wave in the longitudinal direction. 60 suitable coating was applied to the surface of the optical 

This can be understood through a simple calculation. system correspondingly to the wavelength (248 nm in this 

Besides, even when the position of the cylindrical lens specification) of the excimer laser used. By this, it was 

1206 is moved along the direction (direction perpendicular possible to obtain a transmissivity of 99% or more with a 

to the optical axis) parallel with the principal plane of the single lens. Besides, the durability of the lens was also 

lens 1206 indicated by an arrow 1207, the period d is not 65 increased. 

changed, which can also be understood through a simple Incidentally, any of the above lenses had a curvature in the 
calculation. This indicates that when the cylindrical lens width direction and was a spherical lens. The material of the 
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lens was synthetic quartz, and AR coat processing was in FIG. 14, so that the whole surface of a silicon film is 
applied so that a transmissivity of 99% or more was obtained crystallized Since the long side of the linear laser beam is 
for a wavelength of 248 nm of transmitted light. longer than the length of the short side of the silicon film, the 
Similarly to the embodiment 1, the combination of the whole surface of the substrate can be crystallized by carry- 
cylindrical lens group 407 and the cylindrical lens group 410 5 ing out scanning once. In FIG. 14, reference numeral 401 
has a function to unify the distribution of the intensity of the designates a substrate; 402, a source driver region; 403, a 
linear laser beam in the longitudinal direction, and the g a t e driver region; and 404, a pixel. As is understood from 
combination of the cylindrical lens group 408 and the pjQ 1^ by me rely scanning the linear laser beam 405 once 
cylindrical lens 409 has a function to unify the distribution m one direction the whole silicon film is crystallized, 
of the intensity of the linear laser beam in the width 1Q mc ^ of Kanning may bc ^ 

direction. mined by an operator, the standard is selected within the 

By the combination of me cyhndncal lens group . 408 and / ^ M ^ ^ ft fe nece l0 

the cyhndncal lens 409, a beam wnh a beam width w is £ 413 to run in advance until a 

temporarily formed. It is possible to obtain a thinner (thinner . , L & , . , - 

than the beam width w) linear laser beam by arranging a scanning speed reaches a desired speed, 

doublet cylindrical lens 412 through the mirror 411. 1 bodiment 5 

The apparatus shown in FIG. 13 has a function to irradiate m en 

the laser light emitted from the laser apparatus 406 through i n me case where liquid crystal panels are mass produced, 

the optical system indicated by the cylindrical lenses 407, a metnoc | m which a plurality of panels are formed on one 

408, 409, 410, and 412 as a linear beam 405. A stage 413 is substrate, and then, the substrate is cut, is generally used, 

a one-axis stage operating in one direction. This is scanned, 20 _ . ,. - . . , , 

* ai<* • - j- * j »u In this embodiment, a description will be made on an 

and a substrate put on the stage 413 is irradiated with the , . , . , ' . v , . n 

1 y 6 example in which a continuous-wave excimer laser oscilla- 

aser * , tion apparatus is made a tight source and a multiple substrate 

Incidentally, although the laser beam emitted from the ^ ^ ^ abov( . h jm£aleA ^ a 1^ laser beam . ^ 

laser apparatus 406 is originally a circular beam having a ^ cmbodiment ^ size of the multiple substrate is made 

diameter of 0.3 mm, this is expanded into an ellipse of 60Q ^ mm 

roughly 10x35 mm by using not-shown two pairs of beam A , , , . . . 

expanders. Tlie reference numeral 411 designates the mirror. . ^though vanous methods are conceivable as a method of 

When the section of the energy distribution of the linear ^Z^l^Z^'Z 

. , f j i .1 *■ T * c Trfr- ii • ™„ this embodiment, a typical one is taken up and will be 

laser beam formed by the optical system of FIG. 13 is seen ^ ' Jr r 

in the width direction, a rectangular distribution was shown. escn 

That is, it was possible to obtain the linear laser beam having A method used m this embodiment is shown m FIG. 15. 

very high uniformity as to the energy density. A laser light emitted from a continuous-wave excimer laser 

At this time, in the cylindrical lens group 407, 7 cylin- oscillation apparatus 1301 is made a linear laser beam 1304 

drical lenses, each having a focal distance of 41 mm, a width « at an irraoiaUon surface (substrate 1306) tough an opdeal 

of 5 mm, a length of 30mm, and a center thickness of 5 mm, 35 system 1302 and a mirror 1303. As the opUcal system 1302, 

were used. In the cylindrical lens group 408, 4 cylindrical °f show * * *c previous embodiment, for example, one 

lenses, each having a focal distance of 250 mm, a width of shown m FIG. 13 is used. 

2 mm, a length of 60 mm, and a center thickness of 5 mm, In this embodiment, 5x6, that is, 30 liquid crystal panels 
were used. In the cylindrical lens 409, a cylindrical lens ^ of 3.5 inches are formed on the substrate 1306. Since the size 
having a focal distance of 200 mm, a width of 30 mm, a of the multiple substrate is 600 mmx720 mm, a region 
length of 120 mm, and a center thickness of 10 mm was occupied by one panel becomes a square of 120 mmxl20 
used. In the cylindrical lens group 410, 2 cylindrical lenses, mm. In FIG. 15, only 4 liquid crystal panels are shown for 
each having a focal distance of 1022 mm, a width of 180 simplicity. In one of them, a region 1307 which becomes a 
mm, a length of 20 mm, and a center thickness of 35 mm, 45 source driver, a region 1308 which becomes a gate driver, 
were used. and a region 1309 which becomes a pixel are shown. 

In the doublet cylindrical lens 412, 2 cylindrical lenses are Since the length of the linear laser beam formed by the 

used, each having a width of 90 mm, a length of 160 mm, optical system shown in FIG. 13 is 125 mm, it is longer than 

and a center thickness of 16 mm, were paired, and a the length of one side of the region (square of 120 mm) 

synthetic focal distance was made 220 mm. 50 occupied by one panel. Thus, only by scanning the linear 

The cylindrical lens group 407 was disposed at a distance laser beam once in one direction, the region for one column 

of 2100 mm from the irradiation surface to the laser appa- of panels can be treated. Since panels of 6 rows and 5 

ratus along the optical path. The cylindrical lens group 408 columns are arranged on the multiple substrate 1306, the 

was disposed at a distance of 1980 mm from the irradiation whole surface of the substrate can be irradiated with laser by 

surface to the laser apparatus 406 along the optical path! The 55 carrying out scanning 5 times. The scanning of the substrate 

cylindrical lens 409 was disposed at a distance of 1580 mm is carried out by moving an XY stage 1305 movable in two 

. from the irradiation surface to the laser apparatus 406 along orthogonal directions. The scanning direction of the sub- 

the optical path. strate is made, for example, the direction indicated by an 

The cylindrical lens 410 was disposed at a distance of arrow of a dotted line in FIG. 15. 

1020 mm from the irradiation surface to the laser apparatus 60 E . fi 

406 along the optical path of the laser. The doublet cylin- m 

drical lens 412 was disposed at a distance of 275 mm from In this embodiment, a description will be made on another 
the irradiation surface to the laser apparatus along the optical example in which a multiple substrate is irradiated with a 
path. The above numerical values were rough standards, and linear laser beam from an optical source of a continuous- 
depended on the preparation precision of the lens, or the like. 65 wave excimer laser oscillation apparatus. In this 
The linear continuous-wave excimer laser beam pro- embodiment, the size of the multiple substrate is made 600 
cessed into the above size is scanned by a method as shown mmx720 mm. 
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A method used in this embodiment is shown in FIG. 16. be used. Thereafter, when the concentration of hydrogen is 

A laser light emitted from a continuous-wave excimer laser high, a heat treatment for reducing the hydrogen concentra- 

oscillation apparatus 1401 becomes a linear laser beam 1404 tion may be carried out 

at an irradiation surface (substrate 1406) through an optical Next, the amorphous silicon film 703a is crystallized. The 

system 1402 and a mirror 1403. As the optical system 1402, 5 crystallization is carried out by using the laser irradiation 

one shown in the previous embodiment, for example, one method shown in the embodiment 4. In this way, crystalli- 

shown in FIG. 13 is used. zation is made by carrying out the laser irradiation, so that 

In this embodiment, 10x12, that is, 120 liquid crystal a region 704a made of a crystalline silicon (polysilicon) film 

panels of 2.6 inches are formed on the substrate 1406. Since is formed (FIG. 17B). 

the size of the multiple substrate is 600 mmx720 mm, a 10 As another method, there is a method of using a pulse 

region occupied by one panel becomes a square of 60 oscillation type YAG laser or YV0 4 laser. Particularly, when 

mmx60 mm. In FIG. 16, for simplicity, only 4 liquid crystal a laser apparatus of a laser diode excitation type is used, a 

panels are shown. In one of them, a region 1407 which high output and a high pulse oscillation frequency can be 

becomes a source driver, a region 1408 which becomes a obtained. As laser annealing for crystallization, either one of 

gate driver, and a region 1409 which becomes a pixel are 15 me second harmonic (532 nm), third harmonic (354.7 nm), 

shown. and fourth harmonic (266 nm) of the solid laser is used, and 

Since the length of the linear laser beam formed by the for example, a laser pulse oscillation frequency is made 1 to 

optical system shown in FIG. 13 is 125 mm, it is longer than 20000 Hz (preferably 10 to 10000 Hz), and a laser energy 

the length of one side when the above four panels are density is made 200 to 600 mJ/cm 2 (typically 300 to 500 

arranged by 2 rows and 2 columns (square of 120 mm). 20 mJ/cm 2 ). Then, a linear beam is irradiated to the whole 

Thus, by only scanning the linear laser beam once in one surface of the substrate, and an overlap ratio of the linear 

direction, a region for panels of two columns can be treated. beam at this time is made 80 to 90%. When the second 

Since the panels of 12 rows and 10 columns are arranged harmonic is used, heat is uniformly conducted also to the 

on the multiple substrate 1406, the whole surface of the inside of the semiconductor layer, so that crystallization 

substrate can be irradiated with laser by carrying out scan- 25 becomes possible even if the irradiation energy range is 

ning 5 times. The scanning of the substrate is carried out by slightly fluctuated. By this, a working margin can be 

moving an XY stage 1405 movable in two orthogonal secured, so that fluctuation in crystallization is reduced, 

directions. The scanning direction of the substrate is made, Besides, since the pulse frequency is high, the throughput is 

for example, a direction indicated by an arrow of a dotted improved 

line in FIG. 16. Then, the formed crystalline silicon (polysilicon) film is 

Asthelengthofthehnearlaserbeam becomes long, orthe patterned, so that a semiconductor layer 704b of a TFT is 

panel becomes small, the number of columns of panels formed (FIG. 17Q. 

which can be subjected to laser irradiation by one scan of the Incidentally, before or after the semiconductor layer 7046 

linear laser beam increases. According to the length of the 35 is formed, an impurity element (pho sphor us or boron) for 

linear laser beam and the panel size, three columns of panels controlling a threshold voltage of the TFT may be added to 

or more can be subjected to laser irradiation by one scan of the cryst alline silicon film. This step may be carried out for 

the linear laser beam. only an NTFT or PITT, or both. 

In the above embodiment, although the description has Next, an insulating film 705 is formed by a sputtering 

been made on the example in which the excimer laser is 40 method or plasma CVD method, and a first conductive film 

used, it is possible to use a pulse oscillation type YAG laser 706a and a second conductive film 7066 are formed in a 

or YV0 4 laser, and particularly when a laser apparatus of a laminated manner by the sputtering method (FIG. 17D). 

laser diode excitation type is used, a high output and a high , This insulating film 705 is an insulating film w hich comes 

pulse oscillation frequency can be obtained. to function as a gate insulating film of the TFT, and the film 

45 thickness is made 50 to 200 nm. In this embodiment, a 

Embodiment 7 silicon oxide film having a thickness of 100 nm is formed by 

In this embodiment, a description will be made on an the sputtering method using silicon oxide as a target, 

example in which a TFT (thin film transistor) is fabricated Besides, not only the silicon oxide film but also a laminate 

by using a crystalline silicon film obtained in the embodi- structure in which a silicon nitride film is provided on the 

ment 1. The steps of this embodiment are shown in FIGS. 50 silicon oxide film may be formed, or a silicon nitride oxide 

17A to 19C. film in which nitrogen is added to the silicon oxide film may 

First, as a substrate, a quartz substrate 701 is prepared. be formed. 

The reason why the quartz substrate is used is that a Incidentally, although this embodiment shows the 

continuous-wave excimer laser is used as means for crys- example in which after laser crystallization of the amor- 

tallization. A silicon oxide film (also called a base film) 702 55 phous silicon film is carried out, patterning is made and the 

having a thickness of 200 nm and an amorphous silicon film gate insulating film is formed, the sequence of the steps is 

703a having a thickness of 55 nm were continuously formed not particularly limited. For example, such steps may be. 

thereon without exposing to the air (FIG. 17A). By doing so, adopted that after the amorphous silicon film and the gate 

it is possible to prevent an impurity contained in the air, such insulating film are continuously formed by the sputtering 

as boron, from being adsorbed to a lower surface of the 60 method, laser crystallization is carried out and patterning is 

amorphous silicon film 703a. made. In the case where the films are continuously formed 

Incidentally, in this embodiment, although the amorphous by the sputtering method, excellent interface characteristics 

silicon film is used as an amorphous semiconductor film, can be obtained. 

another semiconductor film may be used. An amorphous As the first conductive film 706a, a conductive material 

silicon germanium film may be used. Besides, as means for 65 containing an element selected from Ta, Ti, Mo, and W as its 

forming the under film and the semiconductor film, a PCVD main ingredient is used. The thickness of the first conductive 

method, LPCVD method, sputtering method, or the like may film 706a may be made 5 to 50 nm, preferably 10 to 25 nm. 
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On the other hand, as the second conductive film 707a, a 
conductive material containing Al, Cu, or Si as its main 
ingredient is used. The thickness of the second conductive 
film 707a may be made 100 to 1000 nm, preferably 200 to 
400 nm. The second conductive film 707a is provided to 
lower the wiring resistance of a gate wiring line or gate bus 
line. 

Next, unnecessary portions of the second conductive film 
707a are removed by patterning, and after an electrode 7076 
which becomes a part of the gate bus line is formed in a 
wiring line portion, resist masks 708a to 70Sd are formed. 
The masks are formed so that the resist mask 708a covers 
the PTFT, and the resist mask 7086 covers a channel 
formation region of the NTFT of a driver circuit Besides, 
the masks are formed so that the resist mask 708c covers an 
electrode 7076, and the resist mask 708d covers a channel 
formation region of a pixel matrix circuit. Thereafter, an 
impurity element to impart an n-type is added using the 
resist masks 708a to 708a* as masks, so that impurity regions 
710 and 711 are formed (FIG. 18A). 

In this embodiment, phosphorus is used as the impurity 
element to give the n-type, and an ion doping method using 
phosphine (PH 3 ) is used. In this step, in order to add 
phosphorus through the gate insulating film 705 and the first 
conductive film 706a into the semiconductor layer 7046 
under them, an acceleration voltage is set as high as 80 ke V 
It is preferable that the concentration of phosphorus added to 
the semiconductor layers 7046 is made a value within the 
range of lxlO 16 to lxlO 19 atoms/cm 3 , and here, it is made 
lxlO 18 atoms/cm 3 . Then, the regions 710 and 711 where 
phosphorus is added to the semiconductor layers are formed. 
A part of the regions formed here and added with phospho- 
rus functions as an LDD region. A part of regions (regions 
709 and 712 of the crystalline silicon film) which was 
covered with the masks and was not added with phosphorus 
functions as a channel formation region. 

As the adding step of phosphorus, an ion implantation 
method in which mass separation is carried out may be used, 
or a plasma doping method in which mass separation is not 
carried out may be used. Conditions such as an acceleration 
voltage or dose amount may be suitably set by an operator. 

Next, after the resist masks 708a to 708a* are removed, if 
necessary, an activation treatment is carried ouL Then, a 
third conductive film 713a is formed by the sputtering 
method (FIG. 18B). As the third conductive film 713a, a 
conductive material containing as the main ingredient an 
element selected from Ta, Ti, Mo, and W is used. The 
thickness of the third conductive film 713a is made 100 to 
1000 nm, preferably 200 to 500 nm. 

Next, resist masks 714a to 714a* are newly formed and 
patterning is carried out, so that gate electrodes 7066 and 
7136 of the PTFT, and wiring lines 706c and 713c are 
formed. Thereafter, an impurity element to impart a p-type 
is added while the masks 714a to 714d are used as they are, 
so that a source region and a drain region of the PTFT are 
formed (FIG. 18Q. Here, boron is used as the impurity 
element, and is added by the ion doping method using 
diborane (B 2 H 6 ). Also here, the acceleration voltage is made 
80 keV, and boron is added at a concentration of 2x10*° 
atoms/cm 3 . 

Next, the resist masks 714a to 714a* are removed, and 
resist masks 718a to 7lSe are newly formed, and then, 
etching is carried out while the resist masks 718a to 718e are 
used as masks, so that gate wiring lines 706d and 713d of the 
NTFT, gate wiring lines 706e and 713e of the TFT of the 
pixel matrix circuit, and upper wiring lines 706/ and 713/ of 
a holding capacitance are formed (FIG. 18D). 
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Next, the resist masks 718a to USe are removed, and a 
resist mask 719 is newly formed, and then, an impurity 
element to give the n-type is added to the source region and 
drain region of the NTFT so that impurity regions 720 to 725 
5 are formed (FIG. 19 A). Here, an ion doping method using 
phosphine (PH 3 ) is carried out. The concentration of phos- 
phorus added to the impurity regions 720 to 725 is high as 
compared with the previous step of adding the impurity 
element to give the n-type, and it is preferable that the 
io concentration is made lxlO 19 to lxlO^ 1 atoms/cm 3 , and 
here, it is made lxlO 21 atoms/cm 3 . 

Thereafter, after the resist mask 719 is removed, a pro- 
tecting film 727 made of a silicon nitride film having a 
thickness of 50 nm is formed, so that a state of FIG. 19B is 
15 obtained. 

Next, an activation treatment for activating the added 
impurity element to give the n-type or p-type is carried out. 
This step may be carried out by a thermal annealing method 
ii ging an electronic heating furnace, the. foregoing laser 
20 annealing method using the excimer laser, YAG laser, or. 
YV0 4 laser, or a rapid thermal annealing method (RTA 
method) using a halogen lamp. In the case of thermal 
treatment, a heat treatment at 300 to 700° C, preferably 350 
to 550° C, in this embodiment, 450° C. and for two hours 
25 is carried out in a nitrogen atmosphere. 

In the case where the YAG laser or YV0 4 laser is used, 
either one of the fundamental harmonic (1064 nm), second 
harmonic (532 nm), third harmonic (354.7 nm), or fourth 
harmonic (266 nm) is used, and for example, a laser pulse 
30 oscillation frequency is made 1 to 20000 Hz (preferably 10 
to 10000 Hz), and a laser energy density is made 200 to 600 
mJ/cm 2 (typically 300 to 500 mJ/cm 2 ). The linear beam is 
irradiated to the whole surface of the substrate, and the 
overlap ratio of the linear beam at this time is made 80 to 
35 90%. Since the pulse frequency is high, the throughput is 
improved 

Next, after a first interlayer insulating film 730 is formed, 
contact holes are formed, and source electrodes and drain 
electrodes 731 to 735 and the like are formed by a well- 
known technique. 

Thereafter, a passivation film 736 is formed. As the 
passivation film 736, a silicon nitride film, a silicon nitride 
oxide film, a silicon oxide nitride film, or a laminate film of 
45 the foregoing insulating film and a silicon oxide film may be 
used. In this embodiment, a silicon nitride film having a 
thickness of 300 nm is used as the passivation film. 

Incidentally, in this embodiment, as a pretreatment for 
formation of the silicon nitride film, a plasma treatment 
50 using an ammonia gas is carried out, and then, the passiva- 
tion film 736 is formed directly. Since hydrogen activated 
(excited) by plasma in this pretreatment is enclosed with the 
passivation film 736, hydrogen termination of the active 
layer (semiconductor layer) of the TFT can be facilitated 
55 Moreover, in addition to a gas containing hydrogen, when 
a nitrous oxide gas is added, the surface of the object to be 
treated is washed by produced moisture, and pollution 
especially by boron or the like contained in the air can be 
effectively prevented. 
60 After the passivation film 736 is formed, an acryl film 
having a thickness of 1 //m is formed as a second interlayer 
insulating film 737, and then, patterning is carried out to 
form a contact hole, and a pixel electrode 738 made of an 
ITO film is formed. In this way, an AM-LCD having a 
65 structure as shown in FIG. 19C is completed. 

Through the above steps, a channel formation region 709, 
impurity regions 720 and 721, and LDD regions 728 are 
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formed in the NTFT of the driver circuit. The impurity 
region 720 becomes a source region and the impurity region 
721 becomes a drain region. Besides, a channel formation 
region 712, impurity regions 722 to 725, and LDD regions 
729 are formed in the NTFT of the pixel matrix circuit. Here, 
in the LDD regions 728 and 729, a region (GOLD region) 
which overlaps with the gate electrode, and a region (LDD 
region) which does not overlap with the gate electrode are 
respectively formed 

On the other hand, in the p -channel TFT, a channel 
formation region 717 and impurity regions 715 and 716 are 
formed. The impurity region 715 becomes a source region, 
and the impurity region 716 becomes a drain region. 

In the case where, for example, a liquid crystal display is 
fabricated by using TFTs fabricated with a semiconductor 
film formed by the above method, one in which a stain by 
laser processing is not noticeable as compared with the prior 
art can be formed. This is because fluctuation in c haract er- 
istics of TFTs, especially fluctuation in mobility of TFTs is 
suppressed by the present invention. 

FIG. 20A shows an example of a circuit structure of an 
active matrix type liquid crystal display device. The active 
matrix type liquid crystal display device of this embodiment 
includes a source signal line side driver circuit 501, a gate 
signal line side driver circuit (A) 507, a gate signal line side 
driver circuit (B) 511, a precharge circuit 512, and a pixel 
matrix circuit 506. 

The source signal line side driver circuit 501 includes a 
shift register circuit 502, a level shifter circuit 503, a buffer 
circuit 504, and a sampling circuit 505. 

The gate signal line side driver circuit (A) 507 includes a 30 
shift register circuit 508, a level shifter circuit 509, and a 
buffer circuit 510. The gate signal line side driver circuit (B) 
511 also has the same structure. 

In the invention, in view of a driving voltage of the NTFT, 
it is easy to make lengths of the LDD regions different from 35 
each other on the same substrate, and the optimum shapes 
for TFTs constituting the respective circuits can be formed 
in the same step. 

FIG. 20B is a top view of a pixel matrix circuit. Since a 
A-A' sectional structure of a TFT portion and a B-B' 40 
sectional structure of a wiring line portion correspond to 
FIG. 19C, some portions are designated by the same char- 
acters. In FIG. 20B, 601 designates a semiconductor layer; 
602, a gate electrode; and 603, a capacitance line. In this 
embodiment, a gate electrode and a gate wiring line are 45 
formed of a first conductive layer and a third conductive 
layer, and a gate bus line has a cladding structure formed of 
a first conductive layer, a second conductive layer, and a 
third conductive layer. 

FIG. 21Ais a top view of a CMOS circuit which becomes 50 
a part constituting a driver circuit, and corresponds to FIG. 
19C. Reference numeral 610 designates a source, electrode 
of a PTFT; 611, a drain electrode; 612, a source electrode of 
an NTFT; and 613 and 614, gate wirin g line s. I n this 
embodiment, although active layers of the NTFT and PTFT 55 
are in direct contact with each other, and the drain electrode 
is common to both, the invention is not particularly limited 
to this structure, but a structure as shown in FIG. 2 IB 
(structure where active layers are completely separated) may 
be adopted. In FIG. 2 IB, 620 designates a source electrode 60 
of a PTFT; 621, a drain electrode; 622, a source electrode of 
an NTFT; and 623 and 624, gate wiring lines. 

In the embodiment, although the description has been 
made on the steps of fabricating the top gate type TFT, it is 
needless to say that the laser irradiation apparatus of the 65 
invention can be used for fabricating an inverted stagger 
type TFT. 
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The laser irradiation apparatus of the invention can be 
used for a laser annealing treatment to crystallize a silicon 
film or to improve its crystallinity, or for a laser activation 
treatment to activate a dopant added to an active layer. 

Embodiment 8 

The invention can also be used for the case where an 
interlayer insulating film is formed on a conventional MOS- 
FET and a TFT is formed thereon. That is, it is also possible 
to realize a three-dimensional semiconductor device in 
which a reflection type AM -LCD is formed on a semicon- 
ductor circuiL 

The semiconductor circuit may be formed on an SOI 
j substrate such as SIMOX, Smart-Cut (registered trademark 
> of SOITEC INC.), or ELTRAN (registered trademark of 
Canon K.K.). 

Incidentally, when this embodiment is put into practice, 
any structure of the embodtiments 1 to 7 may be combined. 

Embodiment 9 

In this embodiment, a description will be made on a case 
where a TFT is formed on a substrate by the fabricating steps 
shown in the embodiment 7 and an AM-LCD is actually 
fabricated. 

After the state of FIG. 19C is obtained, an oriented film 
having a thickness of 80 nm is formed on the pixel electrode 
738. Next, an opposite substrate, which is obtained by 
forming a color filter, a transparent electrode (opposite 
electrode), and an oriented film on a glass substrate, is 
prepared, a rubbing treatment is carried out for each of the 
oriented films, and the substrate on which the TFTs are 
formed and the opposite substrate are bonded to each other 
using a seal material (sealing material). A liquid crystal 
material is held between them. Since this cell assembling 
step may be carried out by using wellknown means, its 
detailed description is omitted. 

As the liquid crystal material, for example, TN liquid 
crystal, PDLC, ferroelectric liquid crystal, antiferroelectric 
liquid crystal, a compound of ferroelectric liquid crystal and 
antiferroelectric liquid crystal may be named. For example, 
it is possible to use a liquid crystal disclosed in 1998 SID, 
"Characteristics and Driving Scheme of Polymer-Stabilized 
Monostable FLCD Exhibiting Fast Response Tune and High 
Contrast Ratio with Gray-Scale Capability" by H. Furue et 
al; 1997, SID DIGEST, 841, "A Full-Color Thresholdless 
Antiferroelectric LCD Exhibiting Wide Viewing Angle with 
Fast Response Time" by T. Yoshida et al.; 1996, J. Mater. 
Chem. 6(4), 671-673, "Thresholdless antiferroelectricity in 
liquid crystals and its application to displays" by S. Inui et 
al.; or U.S. Pat. No. 5,594,569. 

A liquid crystal exhibiting antiferroelectricity in some 
temperature range is called an antiferroelectric liquid crys- 
tal. In mixed liquid crystals including the antiferroelectric 
liquid crystal, there is a thresholdless antiferroelectric mixed 
liquid crystal exhibiting electro-optical response character- 
istics in which transmittance is continuously changed with 
respect to an electric field. Some thresholdless antiferroelec- 
tric mixed liquid crystal exhibits V-shaped electro-optical 
response characteristics, and a liquid crystal whose driving 
voltage is about ±2.5 V (cell thickness is about 1 /an to 2 /an) 
has also been found. 

Here, FIG. 23 shows an example of characteristics of light 
transmittance of the thresholdless antiferroelectric mixed 
liquid crystal showing the V-shaped electro-optical response 
to applied voltage. The vertical axis of the graph shown in 
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FIG. 23 indicates the transmittance (in arbitrary unit) and the The scanning line driver circuit 632 and the signal line 

horizontal axis indicates the applied voltage. Incidentally, driver circuit 633 are connected to the pixel matrix circuit 

the transmission axis of a polarizing plate of a liquid crystal 631 through a scanning line 641 and a signal line 642, 

display device at an incident side is set almost parallel to a respectively. These driver circuits 632 and 633 are mainly 

perpendicular direction of a smectic layer of the threshold- 5 constituted by CMOS circuits. 

less antiferroelectric mixed liquid crystal which is almost The scanning line 641 is formed for each row of the pixel 

coincident with the rubbing direction of the liquid crystal matrix circuit 631, and the signal line 642 is formed for each 

display device. The transmission axis of the polarizing plate column. A TFT 640 of the pixel matrix circuit is formed in 

at an outgoing side is set almost perpendicular (crossed the vicinity of a crossing portion of the scanning line 641 

Nicols) to the transmission axis of the polarizing plate at the 10 a nd the signal line 642. A gate electrode of the TFT 640 of 

incident side. the pixel matrix circuit is connected to the scanning line 641, 

As shown in FIG. 23, it is understood that when such a and its source is connected to the signal line 642. Further, a 

thresholdless antiferroelectric mixed liquid crystal is used, pixel electrode 643 and a holding capacitance 644 are 

low voltage driving and gradation display become possible. connected to its drain. 

In the case where such a low voltage driving thresholdless 15 With respect to an opposite substrate 650, a transparent 

antiferroelectric mixed liquid crystal is used for a liquid conductive film such as an ITO film is formed on the whole 

crystal display device having an analog driver, it becomes surface of the substrate. The transparent conductive film is 

possible to suppress the power supply voltage of a sampling an opposite electrode to the pixel electrode 643 of the pixel 

circuit of an image signal to, for example, about 5 V to 8 V. matrix circuit 631, and the liquid crystal material is driven 

Thus, the operation power supply voltage of the driver can 20 by an electric field formed between the pixel electrode and 

be lowered, and low power consumption and high reliability the opposite electrode. On the opposite substrate 650, as the 

of the liquid crystal display device can be realized. need arises, an oriented film, a black mask, or a color filter 

Also in the case where such a low voltage driving is formed, 

thresholdless antiferroelectric mixed liquid crystal is used IC chips 635 and 636 are attached to the substrate at the 

for a liquid crystal display device having a digital driver, an active matrix substrate side by using a surface to which an 

output voltage of a D/A conversion circuit can be lowered, FPC 634 is attached. These IC chips 635 and 636 are 

so that the operation power supply voltage of the D/A constructed by forming circuits, such as a processing circuit 

conversion circuit can be lowered and the operation power of video signals, a timing pulse generating circuit, a 

supply voltage of the driver can be made low. Thus, low ^ Y-correction circuit, a memory circuit,, or an operation 

power consumption and high reliability of the liquid crystal circuit, on a silicon substrate. 

display device can be realized. Further, although the description has been made on the 

Thus, to use such a low voltage driving thresholdless liquid crystal display device, as long as the display device is 

antiferroelectric mixed liquid crystal is effective also in the an active matrix type display device, the invention can also 

case where a TFT having an LDD region (lightly doped 35 be applied to an EL (electroluminescence) display device or 

drain region) with a relatively small width (for example, 0 an EC (electrochromics) display device, 
nm to 500 nm or 0 nm to 200 nm) is used. 

Besides, in general, the thresholdless antiferroelectric Embodiment 10 

mixed liquid crystal has large spontaneous polarization and ^ embodim a description ^ be made on m 

the dielectric constant of the ^ liquid crystal itself is high. „ (electroluminescence) display 

Inus » the case where the tocsholdl ess an^^c d ^ fcfabrica ^ 

mixed liquid crystal is used for a liquid crystal display £L dismay device of the invention and 

device, it becomes necessary to provide relatively large ^ ^ 

holding capacitance for a pixel. Thus, it is preferable to use ^ . 

the thresholdless antiferroelectric mixed liquid crystal hav- 45 In FIG. 30A, reference numeral 3001 designates a sub- 

ing small spontaneous polarization. Besides, it is also per- strate; 3002, a pixel portion; 3003, a source side driver 

missible to design Such that a driving method of the liquid circuit; and 3004, a gate side driver circuiL Each driver 

crystal display device is made linear sequential driving, so circuit leads to an FPC (Flexible Printed Circuit) 3006 

that a writing period (pixel feed period) of a gradation through a wiring line 3005, and is connected to an external 

voltage to a pixel is prolonged and small holding capaci- 50 equipment. 

tance is compensated. At this time, a first sealing material 3101, a cover material 

Incidentally, since low voltage driving can be realized by 3102, a filler material 3103, and a second sealing material 

using such a thresholdless antiferroelectric mixed liquid 3104 are provided so as to surround the pixel portion 3002, 

crystal, low power consumption of the liquid crystal display the source side driver circuit 3003, and the gate side driver 

device can be realized. 55 circuit 3004 

Incidentally, as long as a liquid crystal has electro-optical FIG. 30B is a sectional view taken along A-A f of FIG. 

characteristics as shown in FIG. 23, any liquid crystal can be 30A, and a driver TFT (here, an n-channel TFT and a 

used as a display medium of a liquid crystal display device p-channel TFT are shown) 3201 included in the source side 

disclosed in the present specification. driver circuit 3003 and a pixel TFT (here, a TFT for 

Next, FIG. 22 shows an outer appearance of an AM-LCD 60 controlling current to an EL component is shown) 3202 

fabricated in the manner as described above. As shown in included in the pixel portion 3002 are formed on the 

FIG. 22, an active matrix substrate is opposite to an opposite substrate 3001. 

substrate, and a liquid crystal is held between these sub- An interlayer insulating film (flattening film) 3301 made 

strates. The active matrix substrate includes a pixel matrix of resin material is formed on the driver TFT 3201 and the 

circuit 631, a scanning line driver circuit 632, and a signal 65 pixel TFT 3202, and a pixel electrode (ca thode ) 3302 

line driver circuit 633 formed on the active matrix substrate electrically connected to the drain of the pixel TFT 3202 is 

630. formed thereon. As the pixel electrode 3302, a conductive 
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film having light-shielding properties (conductive film typi- deterioration of the EL component can be suppressed, 

cally containing aluminum, copper, or silver as its main Incidentally, in this embodiment, a transparent material is 

ingredient, or a laminate film of the foregoing film and used so that light from the EL component can pass through 

another conductive film) may be used. In this embodiment, the filler material 3103. 

aluminum alloy is used for the pixel electrode. 5 a spacer may be included in the filler material 3103. At 

Then, an insulating film 3303 is formed over the pixel this time, when the spacer is made of barium oxide, it is 

electrode 3302, and an opening portion is formed in the possible to make the spacer itself have hygroscopicity. In the 

insulating film 3303 on the pixel electrode 3302. In this case where the spacer is provided, as a buffer layer for 

opening portion, an EL (electroluminescence) layer 3304 is relieving the pressure from the spacer, it is also effective to 

formed on the pixel electrode 3302. As the EL layer 3304, 10 provide a resin film on the anode 3305. 

a well-known organic EL material or inorganic EL material The wiring line 3005 is electrically connected to the FPC 

may be used. The organic EL material includes a low 3006 through the conductive material 3307. The wiring line 

molecular based (monomer based) material and a high 3005 transmits a signal sent to the pixel portion 3002, the 

molecular based (polymer based) material, and either of source side driver circuit 3003, and the gate side driver 

them may be used. 15 3904 to the FPC 3006, and is electrically connected 

The EL layer 3304 may be formed by a well-known to an external equipment through the FPC 3006. 

technique. The structure of the EL layer may be made a Besides, in this embodiment, a second sealing material 

laminate structure by freely combining a hole injection 3^ ^ pr0 vided to cover an exposed portion of the first 

layer, a hole transport layer, a light emitting layer, an sealing material 3101 and a part of the FPC 3006, so that 

electron transport layer, or an electron injection layer, or 20 sach a stnictll re is taken in which the EL component is 

may be made a single layer structure. completely cut off from the outer air. In this way, the EL 

An anode 3305 made of a transparent conductive film is display device having the sectional structure of FIG. 30B is 

formed on the EL layer 3304. As the transparent conductive obtained. 
film , a compound of indium oxide and tin oxide or a 

compound of indium oxide and zinc oxide may be used. It Embodiment 11 

is desirable to remove moisture and oxygen existing on the , ,. . c . , , , , . . 

interface between the anode 3305 and fne EL layer 3304 to ln K thlS e f J*^™ 1 *' ^ les f ' ^structure which 

the utmost degree. Urns, it is necessary to make such can be used for the P™\P°*on of the EL display devrce of 

. ft 4 . ' . i r j - the embodiment 10 will be described with reference to 

contrivance that both are continuously formed in vacuum, or _ . , _ „ . . . ... _ f 

CT , _ . f , . a ' rtr „„> ' 30 FIGS. 31A to 31C. Incidentally, in this embodiment, refer- 

the EL layer 3304 is formed m a nitrogen or rare gas , _ AM , A J ' . . c 

. J , „ ftf . - , 4 * i • ence numeral 3401 designates a source wiring line or a 

atmosphere, and the anode 3305 is formed while the layer is i—r^m ~ 4r fT t ,. n** mrii „ u 

• 4 # . _ . . t _ T „ f . - switcLung TFT 3402; 3403, a gate wiring line or the switch- 
made not to expose to oxygen or moisture. In this TCT 6 lj(n . m * * # tct- xah* * 

embodiment, a muM^hamber system (cluster tool system) m 8 ^ , T, g 22^?pi 

film formation apparatus is used! so that the film formation 35 capacitor 34063408, current supply hues; and 3407, an EL 

as described above is made possible. componen . 

The anode 3305 is electrically connected to the wiring ,. ^°J^ AaW f m CXample . ^ ^ ™ 

line 3005 at a region designated by 3306. Tne wiring line ^ 3406 15 u made com J mon «° P"^ 

3005 is one for Ipplying a predetermined voltage to the ^ cture * characterized m that two pixels are formed to 

anode 3305, and is electrically connected to the FPC 3006 „ *™ m ' ^nnmetnc with respect to the current supply fine 

through a conductive material 3307. 40 3406 ll In f*' smce the number of power supply lmes 

_ , , , . . . _ T can be reduced, the pixel portion can be further made fine. 

In the manner as described above, the EL component 

composed of the pixel electrode (cathode) 3302, the EL layer ^ 31B shows a where the current supply line 3408 

3304, and me anode 3305 is formed. This EL component is * provided in parallel with the gate wiring line 3403. 

surrounded by the first sealing material 3101, and a cover 45 Although FIG. 31B shows a structure m which the current 

material 3102 bonded to the substrate 3001 by the first sa PP [ y Une 3408 does not overlap with the gate wiring line 

sealing material 3101, and is sealed with the filler material 3403 > * both are wiring lines formed in different layers they 

3203 may be formed to overlap with each other through an 

As the cover material 3102, a glass plate, FRP insulating film. In this case, since an occupied I area can be 

(Fiberglass-Reinforced Plastics) plate, PVF (Polyvinyl 50 ™de common between the power supply 3*08 *nd 

Fluoride) film, Mylar film, polyester film, or acryl film may £f ^8 3403 > «» P ucI P ortMD can be furtbcr made 

be used. In the case of this embodiment, since the radiation ^ ie * 

direction of light from the EL component is directed to the FIG. 31C shows a structure which is characterized in that 

cover material 3102, a translucent material is used. the current supply line 3408 is provided in parallel with the 

However, in the case where the radiation direction of light 5 5 S ale 3403 «™^y to structure of FIG. 31B, 

from the EL component is directed to the opposite side of the and further, two pixels are formed to become axisymmelnc 

cover material, it is not necessary to use a translucent ^ «sp«* to BV&Y ^ e 34 ^ o h 

material, but it is possible to use a metal plate (typically a effective to provide the current supply line 3408 so that it 

stainless plate), a ceramic plate, or a sheet having such a overlaps witheither one of gate wiring lines 3403a or 34036. 

structure that an aluminum foil is sandwiched between PVF 60 Io mis ™ nce tbe number of P ower ^PP 1 ? ^ es caD be 

films or Mylar films. reduced, the pixel portion can be further made fine. 

As the filler material 3103, a ultraviolet ray curing resin Embodiment 12 
or thermosetting resin may be used, and PVD (Polyvinyl 

Chloride), acryl, polyirnide, epoxy resin, silicone resin, PVB A CMOS circuit and a pixel matrix circuit formed through 

(ft>lyvinyl Butyral), or EVA (Ethylene Vinyl Acetate) may 65 carrying out the present invention may be applied to various 

be used. When a hygroscopic material (preferably barium electro-optical devices (active matrix type liquid crystal 

oxide) is provided in the inside of the filler material 3103, displays, active matrix type EL displays, active matrix type 
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EC displays). Namely, the present invention may be embod- tem 2810 consists of an optical system including a projec- 

ied in all the manufacturing processes for the electronic tion lens. This embodiment shows an example of "three 

equipments that incorporate those electro-optical devices as plate type", but not particularly limited thereto. For instance, 

display media. the invention may be applied also to "single plate type". 

As such an electronic equipment, a video camera, a digital 5 Further, in the light path indicated by an arrow in FIG. 33C, 

camera, a projector (rear-type or front-type projector), a *° optical system such as an optical lens, a film having a 

head mount display (goggle-type display), a navigation polarization i function, z film for adjusting a phase difference 

system for vehicles, 1 stereo for vehicles, a personal and an IR film may be provided on discretion of a person 

computer, and a portable information terminal (a mobile who cames out tbe mention. 

computer, a cellular phone, or an electronic book, etc.) may 10 FIG. 33D is a diagram showing an example of the 

be enumerated. Examples of those are shown in FIGS. 32A structure of the light source optical system 2801 in FIG. 

to * 33C. to this embodiment, the light source optical system 

F1G.32A shows a personal computer comprising a main 2* 01 ^J^/**"** f^*** source 2812, lens 

body 2001, an image inputting unit 2002, a display unit ™* ^ *>d2814 a polaratttn converse elemen 

2003, and a key toard 2004 and the like. The present 15 2815, and a condense, "lens 2816. The h^t source opttcd 

invention is applicable to the image inputting unit 2002, the system shown » F^33D * an example thereof and B not 

display unit 2WB, and other s%Tal control circuits. parttcularly hnuted. For mstance on drscreUon of a pe^on 

F y ^ who cames out the invention, the light source optical system 

FIG. 32B shows a video camera comprising a mam body ^ rovided ^ ^ oplical system ^ch as an optical 

2101, a display unit 2102, a voice input unit 2103, operation ^ . a ^ haying a polarization function, a film for 

switches 2104, a battery 2105, and an image receiving unit a(Sustmg ±e phase difference and an IR film. 

2106 and the lite. Hie present invention is applicable to the ^ ^ f shown m nGS 33A _ 33D 

display umt 2102 and other signal control circuits. me case in which the electro-optical device of transmission 

FIG. 32C shows a mobile computer comprising a mam ^ ^ emp i oye d and an application example using the 

body 2201, a camera unit 2202, an image receiving unit 25 electr0 ^ pt i ca l device of reflective type and the EL display 

2203, an operation switch 2204, and a display unit 2205 and device ^ not illustrated. 

the like. The present invention is applicable to the display nG MA ^ a ^ul^ pho ne that is composed of a main 

unit 2205 and other signal control circuits. body 29Q1 a yoice QUtput ^ 2902> a voice ^put unit 2903, 

FIG. 32D shows a goggle-type display comprising a main a di^iay unit 2904, operation switches 2905, and an antenna 

body 2301, a display unit 2302 and arm portions 2303 and 30 3906 and the like. The present invention can be applied to 

the like. The present invention is applicable to the display me output unit 2902, the voice input unit 2903 and the 

unit 2302 and other signal control circuits. display unit 2904 and other signal control circuits. 

FIG. 32E shows a player that employs a receding medium FIG. 34B shows a portable book (electronic book) that is 

in which programs are recorded (hereinafter referred to as a comprised of a main body 3001, display units 3002 and 

recording medium), and comprises a main body 2401, a 35 3003, a memory medium 3004, an operation switch 3005 

display unit 2402, a speaker unit 2403, a recording medium anQ * a n antenna 3006 and the like. The present invention can 

2404, and an operation switch 2405 and the like. be applied to the display units 3002 and 3003 and other 

Incidentally, this player uses as the receding medium a DVD signal circuits. 

(digital versatile disc), a CD and the like to serve as a tool piQ 34c shows a display that is comprised of a main 

for enjoying music or movies, for playing video games and 40 body 3101, a support base 3102 and a display unit 3103 and 

for connecting to the Internet The present invention is me ^ jhe present invention can be applied to the display 

applicable to the display unit 2402 and other signal control 3103. The display according to the present invention is 

circuits. advantageous in the case where the display is particularly 

FIG. 32F shows a digital camera comprising a main body large-sized and in the case where the display is 10 inches or 

2501, a display unit 2502, an eye piece section 2503, 45 more in an opposite angle (particularly 30 inches or more), 

operation switches 2504, and an image receiving unit (not According to the present invention, in a laser irradiation 

shown) and the like. The present invention is applicable to apparatus in which coherent light is processed into a linear 

the display unit 2502 and other signal control circuits. beam, the light intensity of the linear beam at an irradiation 

FIG. 33A shows a front-type projector comprising a 50 surface is dispersed, and it is possible to improve the 

projection device 2601, ascreen 2602 and the like. The in-plane homogeneity of effect of laser annealing by the 

present invention is applicable to a liquid crystal display laser beam, 

device 2808 that constitutes a part of the projection device What is claimed is: 

2601 and other signal control circuits. 1- A beam homogenizer comprising: 

FIG. 33B shows a rear-type projector comprising a main 55 a first dividing optical lens for Dividing one beam into 

body 2701, a projection device 2702, a mirror 2703, and a (2n+l) beams in a first direction; 

screen 2704 and the like. The present invention is applicable a second dividing optical lens for dividing one beam into 

to the liquid crystal display device 2808 that constitutes a N(n-1) beams in a second direction perpendicular to 

part of the projection device 2702 and other signal control the first direction; 

circuits. 60 a first synthesizing lens for condensing light in the second 

FIG. 33C is a diagram showing an example of the direction and for synthesizing a plurality of beams 

structure of the projection devices 2601 and 2702 in FIGS. divided in the second direction; and 

33A and 33B. The projection device 2601 or 2702 comprises a second synthesizing lens for condensing light in the first 

a light source optical system 2801, mirrors 2802 and 2804 direction and for synthesizing a plurality of beams 

to 2806, dichroic mirrors 2803, a prism 2807, liquid crystal 65 divided in the first direction, 

display devices 2808, phase difference plates 2809, and a wherein the second synthesizing lens includes (n'-l) 

projection optical system 2810. The projection optical sys- cylindrical lenses, 
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wherein images obtained by orthogonal projection of 
respective principal points of the (n'-l) cylindrical 
lenses onto a plane orthogonal to the second direc- 
tion become (n'-l) points arranged with an interval 
of d/(n'-l) on a same line, 5 

wherein the character d designates an interval of peaks 
of interference fringes formed on an irradiation sur- 
face by the beam passing through one cylindrical 
lens of the second synthesizing lens, and 

wherein the character N designates a natural number, 10 
the character n designates an integer not less than 3, 
and the character n' designates an integer satisfying 
3^n'^n. 

2. A beam homogenizer comprising: 

a first dividing optical lens for dividing one beam into 2n 15 

beams in a first direction; 
a second dividing optical lens for dividing one beam into 

N(n-1) beams in a second direction perpendicular to 

the first direction; 
a first synthesizing lens for condensing light in the second 20 

direction and for synthesizing a plurality of beams 

divided in the second direction; and 
a second synthesizing lens for condensing light in the first 

direction and for synthesizing a plurality of beams ^ 

divided in the first direction, 

wherein the second synthesizing lens includes (n'-l) 
cylindrical lenses, 

wherein images obtained by orthogonal projection of 
respective principal points of the (n*-l) cylindrical 3Q 
lenses onto a plane orthogonal to the second direc- 
tion become (n'-l) points arranged with an interval 
of d/(n'-l) on a same line, 

wherein the character d designates an interval of peaks 
of interference fringes formed on an irradiation sur- 35 

• face by the beam passing through one cylindrical 
lens of the second synthesizing lens, and 

wherein the character N designates a natural number, 
the character n designates an integer not less than 3, 
and the character n* designates an integer satisfying ^ 
3^n'^n. 

3. A beam homogenizer comprising: 

a first cylindrical lens group including (2n+l) first cylin- 
drical lenses; 

a second cylindrical lens group including N(n-1) second 45 

cylindrical lenses; 
a third cylindrical lens; and 

a third cylindrical lens group including (n'-l) fourth 
cylindrical lenses, 

wherein the first cylindrical lens group, the second 50 
cylindrical lens group, the third cylindrical lens, and 
the third cylindrical lens group being sequentially 
arranged on an optical path, 

wherein principal planes of the (n-l) fourth cylindrical 
lenses form a same plane in the third cylindrical lens 55 
group, 

wherein images obtained by orthogonal projection of 
respective principal points of the (n*-l) fourth cylin- 
drical lenses onto a plane perpendicular to the plane' 
are (n'-l) points arranged with an interval of d/(n'-l) 60 
on a same line, 

wherein the character d is expressed by d=X£/L when X 
is a wavelength of an excimer laser, f is a focal 
distance of one cylindrical lens constituting the third 
cylindrical lens group, and L is a width of one 65 
cylindrical lens constituting the first cylindrical lens 
group, and 
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wherein the character N designates a natural number, 
the character n designates an integer not less than 3, 
and the character n 1 designates an integer satisfying 

3 - n - D - 

4. A beam homogenizer comprising: 

a first cylindrical lens group mcluding 2n first cylindrical 
lenses; 

a second cylindrical lens group including N(n-1) second 

cylindrical lenses; 
a third cylindrical lens; and 

a third cylindrical lens group including (n'-l) fourth 
cylindrical lenses, 

wherein the first cylindrical lens group, the second . 

cylindrical lens group, the third cylindrical lens, and 

the third cylindrical lens group being sequentially 

arranged on an optical path, 
wherein an optical axis of the second cylindrical lens is 

parallel to an optical axis of the third cylindrical lens, 
wherein principal planes of the (n'-l) fourth cylindrical 

lenses form a same plane in the third cylindrical lens 

group, 

wherein images obtained by orthogonal projection of 
respective principal points of the (n-l) fourth cylin- 
drical lenses onto a plane perpendicular to the plane 
are (n'-l) points arranged with an interval of d/(n'-l) 
on a same line, 

wherein the character d is expressed by d=Xf/L when \ 
is a wavelength of an excimer laser, f is a focal 
distance of one cylindrical lens constituting the third 
cylindrical lens group, and L is a width of one 
cylindrical lens constituting the first cylindrical lens 
group, and 

wherein the character N designates a natural number, 
the character n designates an integer not less than 3, 
. and the character n' designates an integer satisfying 
3in'in. 

5. A beam homogenizer according to claim 3, 
wherein a generatrix of the fourth cylindrical lens is 

parallel to a generatrix of the first cylindrical lens, 
wherein a generatrix of each of the second cylindrical lens 

and the third cylindrical lens is perpendicular to the 

generatrix of the first cylindrical lens, and 
wherein the generatrix of the second cylindrical lens is 

parallel to the generatrix of the third cylindrical lens. 

6. A laser irradiation apparatus comprising: 

a laser generating apparatus for generating a laser beam; 

a beam homogenizer, and 

a stage being movable in one direction, 

said beam homogenizer comprises: 
a first dividing optical lens for dividing one beam into 

(2n+l) beams in a first direction, 
a second dividing optical lens for dividing one beam into 

N(n-1) beams in a second direction perpendicular to 

the first direction, 
a first synthesizing lens for condensing light in the second 

direction and for synthesizing a plurality of beams 

divided in the second direction, and 
a second synthesizing lens for condensing light in the first 

direction and for synthesizing a plurality of beams 

divided in the first direction; 

wherein the second synthesizing lens includes (n'-l) 
cylindrical lenses, wherein images obtained by 
orthogonal projection of respective principal points 
of the (n'-l) cylindrical lenses onto a plane orthogo- 
oal to the second direction become (n'-l) points 
arranged with an interval of d/(n*-l) on a same line, 
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wherein the character d designates an interval of peaks 
of interference fringes formed on an irradiation sur- 
face by the beam passing through one cylindrical 
lens of the second synthesizing lens; and 

wherein the character N designates a natural number, 5 
the character n designates an integer not less than 3, 
and the character n* designates an integer satisfying 
3^n'^n. 

7. A laser irradiation apparatus comprising: 

a laser generating apparatus for generating a laser beam; 
a beam homogenizer, and 10 
a stage being movable in one direction, 

said beam homogenizer comprises: 
a first dividing lens for dividing one beam into (2n+l) 

beams in a first direction, 
a second dividing lens for dividing one beam into N(n-1) 15 

beams in a second direction perpendicular to the first 

direction, 

a first synthesizing lens for condensing light in the second 
direction and for synthesizing a plurality of beams 
divided in the second direction, and 20 

a second synthesizing lens for condensing light in the first 
direction and for synthesizing a plurality of beams 
divided in the first direction, 

wherein the second synthesizing lens includes (n'-l) 
cylindrical lenses; ^ 

wherein images obtained by orthogonal projection of 
respective principal points of the (n'-l) cylindrical 
lenses, onto a plane orthogonal to the second direc- 
tion become (n'-l) points arranged with an interval 
of d/(n'-l) on a same line; and 

wherein the character N designates a natural number, 30 
the character n designates an integer not less than 3, 
and the character n* designates an integer satisfying 
3^n'^n. 

8. A laser irradiation apparatus comprising: 

a laser generating apparatus for generating a laser beam; 35 

a beam homogenizer, and 

a stage being movable in one direction, 
said beam homogenizer comprises: 

a first cylindrical lens group including (2n+l) first cylin- 
drical lenses, 40 

a second cylindrical lens group including N(n-l) second 
cylindrical lenses, 

a third cylindrical lens, and 

a third cylindrical lens group including (n'-l) fourth 
cylindrical lenses, 45 
wherein the first cylindrical lens group, the second 
cylindrical lens group, the third cylindrical lens, and 
the third cylindrical lens group being sequentially 
arranged on an optical path from an outgoing side of 
the laser apparatus, 50 
wherein principal planes of the (ri- 1) fourth cylindrical 
lenses form a same plane in the third cylindrical lens 
group, 

wherein images obtained by orthogonal projection of 
respective principal points of the (n'-l) fourth cylin- 55 
drical lenses onto a . plane perpendicular to the plane 
are (n'-l) points arranged with an interval of d/(n'-l) 
on a same line, 

wherein the character d is expressed by d=M/L when X 
is a wavelength of an excimer laser, f is a focal 
distance of one cylindrical lens constituting the third 60 
cylindrical lens group, and L is a width of one 
cylindrical lens constituting the first cylindrical lens 
group, and 

wherein the character N designates a natural number, 
the character n designates an integer not less than 3, 65 
and the character n' designates an integer satisfying 
3^n'^n. 



9. A laser irradiation apparatus comprising: 

a laser generating apparatus for generating a laser beam; 

a beam homogenizer, and 

a stage being movable in one direction, 

said beam homogenizer comprises: 
a first cylindrical lens group including 2n first cylindrical 

lenses, 

a second cylindrical lens group including N(n-1) second 

cylindrical lenses; 
a third cylindrical lens; and 

a third cylindrical lens group including (n'-l) fourth 
cylindrical lenses, 

wherein the first cylindrical lens group, the second 
cylindrical lens group, the third cylindrical lens, and 
the third cylindrical lens group being sequentially 
arranged on an optical path from an outgoing side of 
the laser apparatus, 

wherein principal planes of the (n'-l) fourth cylindrical 
lenses form a same plane in the third cylindrical lens 
group, 

wherein images obtained by orthogonal projection of 
respective principal points of the (n'-l) fourth cylin- 
drical lenses onto a plane perpendicular to the plane 
are (n'-l) points arranged with an interval of d/(n'-l) 
on a same line, 

wherein the character d is expressed by d«Xf/L when X 
is a wavelength of an excimer laser, f is a focal 
distance of one cylindrical lens constituting the third 
cylindrical lens group, and L is a width of one 
cylindrical lens constituting the first cylindrical lens 
group, and 

wherein the character N designates a natural number, 
the character n designates an integer not less than 3, 
and the character n' designates an integer satisfying 

3 = n = n * 

10. An apparatus according to claim 8, 

wherein a generatrix of the fourth cylindrical lens is 
parallel to a generatrix of the first cylindrical lens, and 

wherein a generatrix of each of the second cylindrical lens 
and the third cylindrical lens is perpendicular to the 
generatrix of the first cylindrical lens. 

11. An apparatus according to claim 6, wherein the laser 
generating apparatus generates a continuous-wave excimer 
laser beam. 

12. A beam homogenizer according to claim 4, 
wherein a generatrix of the fourth cylindrical lens is 

parallel to a generatrix of the first cylindrical lens, 
wherein a generatrix of each of the second cylindrical lens 

and the third cylindrical lens is perpendicular to the 

generatrix of the first cylindrical lens, and 
wherein the generatrix of the second cylindrical lens is 

parallel to the generatrix of the third cylindrical lens. 

13. An apparatus according to claim 9, 

wherein a generatrix of the fourth cylindrical lens is 
parallel to a generatrix of the first cylindrical lens, and 

wherein a generatrix of each of the second cylindrical lens 
and the third cylindrical lens is perpendicular to the 
generatrix of the first cylindrical lens. 

14. An apparatus according to claim 7, wherein the laser 
generating apparatus generates a continuous-wave excimer 
laser beam. 

15. An apparatus according to claim 8, wherein the laser 
generating apparatus generates a continuous-wave excimer 
laser beam. . 

16. An apparatus according to claim 9, wherein the laser 
generating apparatus generates a continuous-wave excimer 
laser beam. 



